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Kenneth A. Brown, class of ’46, 


speaks from experience when he says: 


plenty of chance 
for advancement 
at U.S. Steel for 
the man who 
really wants to 
get ahead.” 


F KENNETH A, BROWN were to speak 
to you face to face, he would 
tell you: “Hi fellows .. . I’m not 
much older than you... I still like 
a lot of the same things you do. In 
addition, I like my work and I sin- 
cerely believe that you will like your 
work at United States Steel, and like 
the fine bunch of fellows with whom 
you will come in contact.” 

Mr. Brown, at the comparatively 
young age of 29, is presently Works 
Engineer in charge of all engineer- 
ing for the Worcester Works of the 
American Steel & Wire Division. He 
graduated from Brown University in 
1946 with a B.S. degree in Engineer- 
ing. He first joined U. S. Steel as a 
Junior Engineer at the Worcester 
Works, Worcester, Mass. Although 
his original duties included much 
drafting, he acquired a general ad- 
ministrative background and engi- 
neering experience. This qualified 
him for promotion to Assistant to the 
Works Engineer in May, 1950. De- 
spite a tour of military service for 
two years, Mr. Brown’s development 
resulted in his being transferred to 
the Construction Division in the 


Cleveland General Office. Starting 
January 1, 1953, he worked out of 
this office as Chief of Party on vari- 
ous construction projects. 

On June 1, 1955, Mr. Brown re- 
turned to engineering and main- 
tenance assignments at the Duluth 
Works. Although his work was pri- 
marily concerned with engineering 
problems, he also acquired a knowl- 
edge of various phases of mainte- 
nance, This experience qualified him 
for promotion to the position of Divi- 
sion Engineer on April 1, 1956, On 
January 1, 1957, Mr. Brown re- 
turned to the Worcester Works in his 
present capacity of Works Engineer. 

Mr. Brown’s “success story” is 
typical of that of many graduate 
engineers who have associated them- 


selves with U. S. Steel. “The unlim- 
ited opportunities at U. S. Steel,” 
says Mr. Brown, “plus the fine and 
helpful spirit that exists among the 
personnel, make success a matter of 
one’s willingness to work to learn 
and to fit into the friendly atmos- 
phere which exists here.” 

If you are interested in a challeng- 
ing and rewarding career with United 
States Steel, and feel you can qualify, 
we suggest that you get in touch with 
your placement director for addi- 
tional information. We shall be glad 
to send you our informative booklet, 
Paths of Opportunity, upon request. 
Write to United States Steel Corpo- 
ration, Personnel Division, Room 
1662, 525 William Penn Place, Pitts- 
burgh 30, Pennsylvania. 


UNITED STATES STEEL 


AMERICAN BRIDG 


.. AMERICAN STEEL & WIRE and CYCLONE FENCE ,, COLUMBIA-GENEVA STEEL 
CONS( LIDATED WESTERN STEEL..GERRARD STEEL STRAPPING. NATIONAL TUBE. . OIL WELL SUPPLY 
TENNESSEE COAL & IRON... UNITED STATES STEEL HOMES . . UNITED STATES STEEL PRODUCTS 


UNITED STATES STEEL SUPCLY.. Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH 
UNION SUPPLY COMPANY UNITED STATES STEEL EXPORT COMPANY UNIVERSAL ATLAS CEMENT COMPANY 


See The United States Stee! Hour. It's a full-hour TV program presented every other Wednesday evening by United States Steel. Consult your newspaper for time and station. 
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See what a gentie hint 
can get you at 
commencement time 
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Pocket-size pound of pleasure! 
New RCA Transistor Radio 


Drop a gentle hint (like enclosing this 
ad in your next letter home), and come 
graduation time you could be getting 
this amazingly ingenious radio. 

It’s anew RCA Victor Transistor Six, 
and this one you can really take along 
anywhere. It’s smaller and lighter than 
the average textbook —and lots more 
fun. 

You can carry it easily in pocket or 
purse. It weighs a mere 16 ounces, 
yet delivers a roomful of sound any- 
time you wish. 

The RCA Victor Transistor Six is bat- 
tery-powered and uses six long-lasting 


transistors. The cabinet is long-lasting, 
too. It’s the fabulous, guaranteed non- 
breakable “impac” case. Cabinet colors 
include antique white, charcoal and 
spruce green. 

And note the price—now just $49.95! 

This beautiful little bargain is typical 
of the extra value engineered into every 
product of RCA. For, almost without 
exception, these achievements in elec- 
tronics begin at the David Sarnoff Re- 
search Center in Princeton, New Jersey. 
Here the scientists and engineers of 
RCA continually seek—and very often 
find—practical and dramatic new ways 


to bring you ever-better “Electronics 


for Living. Tmk(s)@ 


Where to, Mr. Engineer? 


RCA offers careers in research, de- 
velopment, design and manufactur- 
ing for engineers with Bachelor or 
advanced degrees in E.E., M.E. or 
Physics. For full information, write 
to: Mr. Robert Haklisch, Manager, 
College Relations, Radio Corpora- 
tion of America, Camden 2, N. J. 


RADIO CORPORATION OF AMERICA 


Electronics for Living 
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The opportunity % 
is often lost 
by deliberating. ; 


— Publius Syrus 


Roman slave and poet, 
1st Century 6. C. 
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DECIDE NOW 


to build your future 


with FTL 


Hundreds of engineers in recent months 
have made the decision to go forward 
with Federal Telecommunication Labo- 
ratories. 

They liked FTL’s long-range pro- 
gram of challenging assignments... its 
modern, expanding facilities and “small- 
company” project system. 

They liked FTL's unlimited oppor- 
tunities for solid achievement and re- 
warding professional recognition... its 
unique location, congenial fellow-work- 
ers and dynamic leaders. 

You'll like FTL, too! Why not decide 
now to join our growing team? 


EAST COAST ASSIGNMENTS INCLUDE: 


Radio Communication Systems 
Traveling Wave Tubes 
Electronic Countermeasures 
Air Navigation Systems 
Antennas * Missile Guidance 
Transistors and other Semiconductor Devices 
Computers * Telephone and 
Wire Transmission Systems 


Opportunities for relaxed living and career- 
building also at FTL’s West Coast Loborato- 
ries: San Fernando, Cal., 15191 Bledsoe St. 
openings in Digital Computers, Inertial 
Navigation Systems and Infra Red Systems. 
Palo Alto, Cal., 809 San Antonio Road — 
openings in Carrier Systems. 
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Federal Telecommunication 
Laboratories 
A Division of International Telephone | 
and Telegraph Corporation 
500 Washington Ave., Nutley, N. J. 


28 minutes via bus from N. Y. C. 


East Coast Laboratory and Microwave Tower 
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Sold Through Plumbing, Heating and Industrial Distributors 


This famous Fair Offer, 
which has appeared 

in every Jenkins catalog since 1869, 
gives the buyer of Jenkins Bronze, Iron and Steel Valves 
a unique assurance of dependability, 
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Chemical progress is autoclaves, test tubes, distillation towers 
. . . hydrocarbons, heterocyclic compounds , . . processes, 
polymerizations, products. 

But mostly, chemical progress is thinking . . . men think- 
ing. Little men, big men, medium size men . . . in lab coats, 
business suits, overalls . . . all of them, always, thinking. 

Thinking up new products .. . new ways to make chem- 
icals and new ways to use them. Thinking up more comfort, 
more convenience, better health, for everyone. 

Always, the old things have to be improved, and the new 


voppens KOPPERS 


CHEMICALS 
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things have to be proved. It takes more thinking. The think- 
ing never stops. And so chemical progress never stops. It’s 
that way at Koppers. 


You can be one of these men, think- 
ing. You can create some of the chem- 
ical progress that's made at Koppers. 
The products are many .. . the oppor- 


tunities myriad. Consider a career 


with Koppers; send the coupon today. 


Koppers Company, Inc. 
Industrial Relations Manager 
| Dept. C-116, Koppers Building 
Pittsburgh 19, Pennsylvania 


| Please send the 24-page brochure entitled “Your Career at Koppers.” 


: 
j Nome ........ 
| Scheel ...... 
| Address ........ 
nt 


you could order 


APPETIZER 
Good starting salary, attrac- 
tive surroundings for work 
flavored with challenge and 
excitement. 


ENTREE 
Accomplishment and _ steady 
financial progress, garnished 
with generous measures of 
prestige and security. 

DESSERT 
Large serving of responsibility 
topped with even greater op- 
portunity to work creatively. 


Unfortunately, a good career 
can’t be ordered a la carte (or 
any other way!). It happens 
only when the right man comes 
along to join the right com- 
pany at the right time. We’ve 
seen it happen often. And if 
the bright future of Sikorsky 
helicopters is any indication, 
we'll be in business long 
enough to see it happen again 
and again — perhaps to you! 


Address your resume to Mr. 
Richard L. Auten at our 
Bridgeport Personnel Dept. 


_CIIKORSKY 
AIRCRAFT 


BRIDGEPORT-STRATFORD, CONNECTICUT 
One of the 
divisions of United 
Aircraft 
Corporation 
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Raising the root... 
another example of DENISON’S 
hydraulic ingenuity 


Lift-slab, a construction technique first used in 1950, 
actually lifts huge concrete slabs skyward to form the 
floors and roofs of modern buildings. At first a novelty, 
the lifting of 500-ton slabs thirty feet in the air and more 
is now an everyday occurence. 

The technique is simple. Concrete slabs are poured 
individually at ground level, cured, and then lifted one 
at a time to proper elevation by a series of lifting jacks 
or screws. In each jack, a Denison hydraulic pump/motor 
furnishes constant, accurately controlled torque to follow 
up the lifting action of the jacks. 

With dependable hydraulic power, the operation is, 
in eyery practical sense, foolproof. 


Here is just one more instance where hydraulic power 
has been put to work for product or process improve- 
ment. Find out how hydraulics fit into your future. Write 
Denison Engineering Division, American Brake Shoe Co., 
1218 Dublin Road, Columbus 16, Ohio. 


DENISON 
drOllicaz 
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A frank statement about the 


future in eld Engineering 


At first glance, Field Engineering may not seem to possess 
the potential and stature often associated with other engi- 


necriny ac Civitics. 


At Hughes, however, nothing could be further from the 


truth. 


Men who undertake the responsible task of evaluating 
Hughes-produced military equipment in the field are in 
the enviable position of becoming thoroughly familiar 
with the complete design and operation of the advanced 


clectronics systems involved, 


Essentially, Field Engineering embraces all phases ofsupport 
required to assure maximum field performance of Hughes 
armament control systems and guided missiles, E.E. and 
Physics graduates selected for this highly important and 
respected phase of our engineering activities work with the 
armed forces and airframe manufacturers at operational 
bases and plants in continental United States and overseas. 


The knowledge, background and experience so gained as- 
sure unusual opportunities for more specialized develop- 
ment in other divisions of the Research and Development 
Laboratories at Hughes. In fact, few openings in enginecr- 


THE WEST'S LEADER IN ADVANCED ELECTRONICS 


ing today offer the rewards and opportunities which are 
available to the Technical Liaison Engineers, Field Engi- 
neers, Technical Training School Engineers, Technical 
Manuals Engineers, and Ficld Modifications Engineers 
who comprise the Field Service and Support Division. 


Engineers and physicists selected for this highly respected 
phase of our activities at Hughes enjoy a number of dis- 
tinct advantages. These include generous moving and 
travel allowances between present location and Culver 
City, California. For three months before field assign- 
ments you will be training at full salary. During the 
entire time away on assignments from Culver City, 
you'll receive a generous per diem allowance, in addi- 
tion to your moving and travel expenses. Also, there 
are company-paid group and health insurance, retirement 
plan, sick leave and paid vacations .. . and reimburse- 
ment for after-hours courses at UCLA, USC, and other 
local universities. 


E.E. or Physics graduates who feel they are qualified to 


join the Field Engineering staff at Hughes are invited to 


write for additional information about this exciting and 
rewarding opportunity to establish a challenging career in 
electronics. Write to: 


Cc 


RESEARCH AND DEVELOPMENT LABORATORIES 


Scientific Staff Relations « Hughes Aircraft Company, Culver City, California 
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Ed Gearhart asks: 


What does Du Pont mean by “on-the-job” training ? 


Training is pretty much full-time at 
Du Pont, Ed. The main objective is 
to train men to reach their full capa- 
bilities as soon as possible. So we give 
the new man responsibility the day 
he arrives, and increase it as oppor- 
tunities are available and he’s ready 
for more responsibility. 

‘:hat’s the basic, guiding policy. But 
Du Pont has many departments. And 
training has many facets. 

In some plants, the college graduate 
being trained for supervision is moved 


Denton Harris answers: 


through all areas of the production 
cycle. In others, where the technical 
phases are more involved, he may 
spend time in a laboratory or devel- 
opment group before moving on to 
production. 


It works the same way in sales. The 
graduate may first learn the labora- 
tory side of the products he’s going to 
sell. Or he may start right out on 
learning selling techniques. That all 
depends on the products and markets 
involved. 


G. Edward Gearhart was graduated from 
the University of Delaware in June, 1956, 
with a B.S. in chemical engineering, and 
is now working for his Ph.D. in chemical 
engineering at Lehigh. At Delaware, he 
was editor-in-chief of the yearbook, 
“Blue Hen,” active in sports and secre- 
tary of the Engineering Council. 


The same on-the-job principle ap- 
plies to new men in specialized fields 
of research, development or design . . . 
including daily contacts with super- 
vision, frequent lectures, discussions 
and conferences. Periodic changes in 
assignment, too. 


It’s carefully planned, individualized 
training, Ed. We've found it’s the 
most effective way to broaden a man 
quickly. Du Pont is a growing organ- 
ization. And men with leadership po- 
tential are always in demand. 


Denton B. Harris joined Du Pont’s Engi- 
neering Research Laboratory in June, 
1952, after completing work for an M.S. 
in civil engineering at the University of 
Massachusetts, He’s currently working 
on an unusual project—a broad study of 
the philosophy of design. The objective 
is to learn more about people’s design 
preferences, and the trends behind new 
concepts in industrial design. This new 
assignment came after Denton gained 
several years of experience in various 
kinds of civil engineering at Du Pont. 
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Are you interested in research work? 
About 2000 Du Pont scientists and some 
3500 other employees are now engaged 
in research, Laboratory facilities of the 
highest quality are available at the 
DuPont Experimental Station near 
Wilmington, and elsewhere throughout 
the country. Full information about re- 
search work at DuPont is given in 
“Du Pont Research.” Write for your copy 
of this free booklet to E. I. du Pont de 
Nemours & Co. (Inc.), 2507C Nemours 
Building. Wilmington. Delaware. 
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BETTER THINGS FOR BETTER LIVING 
THROUGH CHEMISTRY 


Watch “Du Pont Theater” on Television 


. Je 


eneral 


wants 


i es IS IS ABOUT the time of year when engineer- 
ing seniors sit down to some serious thinking 
about their futures. 


For now is the time when they must start to 
decide which company they would like to join. 


And now is the time when they must begin 
taking definite steps toward joining it. 


S? IF YOU’RE among those mulling over that 
problem—here is some interesting news for 
you: 

General Motors is seeking outstanding engineer- 
ing graduates in a wide variety of technical 
fields, 

e GM offers you the untold advantages of its 
nearly boundless facilities and resources — 
including the fabulous new GM Technical Center. 
e Training programs to help you grow profes- 
sionally. 

¢ Increasing responsibilities to match your 
growing talents. 

e Rewards in line with your achievements. 

e The chance to work closely with some of 
America’s finest engineering minds in one of 
GM’s 34 decentralized manufacturing divisions, 
126 plants in 68 cities. 

e¢ Most especially, GM offers you the creative 


ood 


en 


climate of a corporation dedicated to what GM 

President Harlow H. Curtice recently called, 

“The inquiring mind.” 

7 YOU FEEL these advantages can do for you 
what they’ve done for thousands of engineers 

who have carved richly rewarding careers with 

GM-—now is the time to take steps. 


If you believe that you have a great deal to offer 
General Motors in return—now is the time to let 
us know. 


XX A STARTER, why not see your Placement 
Officer this very week? Ask him to put you 
in touch with the GM College Representative. 


Or write us directly. 


GM positions now available 
in these fields 


—in GM Divisions throughout the country 


MECHANICAL ENGINEERING 
CHEMICAL ENGINEERING 
ELECTRICAL ENGINEERING 
INDUSTRIAL ENGINEERING 
METALLURGICAL ENGINEERING 
AERONAUTICAL ENGINEERING 


GENERAL MOTORS CORPORATION 


Personnel Staff, Detroit 2, Michigan 


10 


THE CORNELL ENGINEER 


Engineering? Or IMAGINEERING? 


Many capable engineers are perfectly 
content to go through life doing routine 
jobs over and over again. Frankly, such 
engineers wouldn't be interested in 
Sperry—and Sperry wouldn't be inter- 
ested in them! 

® Engineering, at Sperry, requires a 
combination of fine technical training 
plus imagination — the desire to help 
solve anticipated problems of the future 
and pioneer in new methods and devel- 
opments. You can see the results of 
such “imagineering” in the impressive 
list of Sperry “firsts” in such exciting 
fields as missiies, inertial guidance, 
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radar, computers, microwaves and gun- 
fire control systems. 

*" A career with Sperry offers many 
advantages. Good pay, of course. The 
opportunity to participate in the really 
important developments of these criti- 
cal times—working with the acknowl- 
edged leaders in their fields. Your choice 
of location at Sperry plants in Long 
Island, Florida, California, Virginia and 
Utah—close to excellent colleges where 
you can get advanced training with 
Sperry paying your full tuition. 

® Your Placement Office will tell you 
the times when Sperry representatives 


will visit your school. In the meantime, 
get more of the Sperry story by writing 
direct to J.W. Dwyer, Sperry Gyroscope 
Company, Section IBS, 

Sperry engineer tests hydraulic servo 
valves for high temperature service on 
jet engines. 


cP ERA GYROSCOPE COMPANY 


BROOKLYN CLEVELAN 


SEATTLE AN FRAN CAMADA Gye re 


COMPANY OF CANADA, TO., MONTREAL, QUEBEC 
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IF YOU'RE THE IMPATIENT TYPE, 


COME TO WORK FoR US! 


We want YOU! The kind of engineer who 
won't settle for a mediocre job. The kind of 
engineer who keeps pushing himself to find 
fresh, new approaches to problems. The 
Creative Engineer! 

What company offers the most to this 
“impatient” kind of engineer? We believe it 
is The Standard Oil Company of Ohio! We 
are engineering-minded. Seven per cent of 
all our employees are engineers. One-half of 
the president’s staff —our top management 
—are engineering graduates. 


Our training programs for engineers are 
among the most complete in the country. 
And as a Standard Oil of Ohio engineer, you 
would be working in one of America’s largest 
and most challenging growth industries—oil! 
So before you decide on any company, look 
into Standard Oil of Ohio — where creative 
engineering counts! Contact the placement 
director of your school. Or write Mr. E. G. 
Glass, Jr., Standard Oil Company (Ohio), 
Midland Building, Cleveland, Ohio. 


THE STANDARD OIL COMPANY (OHIO) 
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Choose Westinghouse 
for a rewarding future 


You are making a tough 
decision ... 


*‘where shall I start my career 
... Which company offers 
me the best future?”’ 


Your whole career can be 
affected by your decision, so 
choose carefully. 

We sincerely believe you 
will make a wise decision in 
choosing Westinghouse, a 
company where big and excit- 
ing things are happening. 

Here you can work with 
men who are outstanding 
leaders in fields such as: 


ATomMIc POWER 
AUTOMATION 

JET-AGE METALS 

LARGE POWER EQUIPMENT 
RADAR 

SEMICONDUCTORS 
ELECTRONICS 

CHEMISTRY 


Paul Halpine, University of Pittsburgh °41, atomic engineer for Westinghouse, checking the 


operations of a model of the first nuclear reactor for the nation’s first full-scale atomic 


and dozens of others 


power plant being built by Westinghouse for the AEC and the Duquesne Light Company. 


You will have an opportunity to work with a company 
that is having spectacular growth in many fields... 
giving you room to grow. 

We value our engineers highly, for we know our 
growth has been due largely to the high caliber of 
engineering personnel we have succeeded in attracting. 
Their development into scientists and managers has 
resulted in dynamic and progressive planning and 
policies. 

We help you apply your training to industry. You 


Westinghouse 
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can pick a career in the industry of your choice . . . in 
the type of work you prefer, and in plants, sales offices 
and laboratories from the Atlantic to the Pacific. And, 
you can study for advanced degrees at Company 
expense. 

These are just a few of many reasons why you should 
choose Westinghouse. If you want more information, 
ask your Placement Officer for our booklets, or phone 
or write the Westinghouse interviewer, or Educational 
Coordinator named below. 


Mr. F. R. Malone 

Regional Educational Co-ordinator 
Westinghouse Electric Corporation 
40 Wall Street 

New York 5, New York 
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NUCLEAR POWER 
conomic Survey 


AnE 


The utilization of atomic energy 
for the production of industrial 
power has been the subject of 
much speculation and scientific re- 
search during the past decade. 
Once heralded as a limitless source 
of free power, atomic energy has 
not yet seen industrial application. 
The reason is, of course, one of eco- 
nomics and legal restrictions. 


Energy Conversion 


How is the energy of the atom 
converted into electrical power? 
The splitting of a fissionable atomic 
nucleus results in the liberation of 
part of the binding energy of the 
nucleus in the form of heat. The 
heat of fission of uranium-235 is 
thirty billion British thermal units 
per pound, This is equivalent to 
the heat of combustion of over one 
thousand tons of coal. It is this 
enormous amount of heat pro- 
duced in a nuclear reaction that 
must be converted to electrical 
energy. Direct conversion by appli- 
cation of the thermocouple princi- 
ple has been considered, and such 
“atomic batteries” have actually 
been built. The high resistances 
involved, however, make this meth- 
od impracticable for producing 
large amounts of power, A typical 
battery is one developed by Mound 
Lab; using radioactive polonium 
as the power source, it can gener- 
ate only 9.4 milliwatts of electrical 
power. Similar batteries have been 
made by RCA and Tracerlab, using 
strontium-90 and tritium as power 
sources, respectively. 


The method which has been 


<<a 


Physicist at North American Aviation, 

Inc. checks core for research reactor 

located on the campus of the Illinois 
Institute of Technology. 
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by 
Irwin A. Kaufman, ChE °55 


agreed upon as the most practical, 
and the one which is being used 
in the atomic power plants now 
being constructed or planned, is 
the utilization of the heat produced 
in the nuclear reaction for the pro- 
duction of high-pressure steam to 
drive turbogenerators. The research 
problems, therefore, center about 
the development of efficient nu- 
clear reactors and nuclear fuels, 

When a_ naturally radioactive, 
fissionable element is present in an 
amount exceeding its critical mass, 
a self-perpetuating reaction, or 
“chain reaction”, results. The re- 
action is controlled by the presence 
of a “moderator” which absorbs 
or slows down the free neutrons 
released in the reaction, The heat 
is removed by a rapidly circulating 
coolant. The entire device is known 
as an atomic “pile” or nuclear reac- 
tor. 


Atomic Fuel 


The most prevalent nuclear fuel 
is uranium, Natural uranium is 
actually a mixture of uranium-238 
and uranium-235 (the fissionable 
isotope) in a ratio of 139 to one. 
In a non-regenerative reactor, all 
the energy must come from the fis- 
sion of uranium-235 atoms. Uran- 
ium-238, however, can absorb a 
neutron which is moving at the 
proper speed, and, with the spon- 
taneous emission of two beta-rays, 
be transmuted into fissionable plu- 
tonium-239, In the usual regenera- 
tive reactor, an average of 0.8 plu- 
tonium atoms is formed for each 
uranium-235 atom consumed. If the 
ratio of fissionable atoms formed 
to fissionable atoms consumed is 
less than one, the reactor is known 
as a converter; if the ratio is larger 
than one, the reactor is a breeder. 
The increased percentage of natu- 


ral uranium consumed in a breeder 
makes the fuel cost for this type of 
reactor appreciably less than for a 
converter or a non-regenerative re- 
actor. 

Substances which are commonly 
used as moderators are graphite, 
heavy water, and berillium. Cool- 
ants include water, heavy water, 
gas, gas under pressure, and liquid 
metals, Removing the heat by a 
circulating coolant is more eco- 
nomical than absorbing it in an 
endothermic chemical process. 


Design Operation 

A single-purpose reactor is de- 
signed and operated to produce 
ower as Cheaply as possible, Any 
»y-products formed that have nu- 
clear fuel value are used as fuel 
for the reactor, and their value is 
assumed to be small compared to 
the total cost of producing power. 
A dual-purpose plant, on the other 
hand, recognizes the greater value 
of plutonium as material for atomic 
weapons than as a nuclear fuel and 
is designed and operated for maxi- 
mum efficiency in plutonium pro- 
duction. The economic feasibility 
of dual-purpose plants is guaran- 
teed by military demand for plu- 
tonium, It is believed that the price 
the government will pay for plu- 
tonium is great enough to offset all 
costs of fuel, labor, materials, and 
supplies for the power plant, Eco- 
nomic studies of dual-purpose 
plants are misleading, however, be- 
cause they make no allowance for 
changes in the demand for plu- 
tonium. 

The physical difference between 
a coal-burning power plant and a 
nuclear power plant is the replace- 
ment of the conventional boiler and 
fuel-handling equipment with a 
nuclear reactor. The boiler and 
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fuel-handling equipment in a con- 
ventional power plant has a typical 
value of $77 per kilowatt of in- 
stalled capacity, The capital cost 
of a nuclear reactor and associated 
equipment is about $300 per kilo- 
watt of installed capacity. The high 
capital cost is due to the large area 
of land needed as a plant site be- 
cause of hazards, fuel fabrication 
and processing equipment needed 
to remove fission products and to 
recover and repurify fuel, heat 
transfer equipment, and the fact 
that nuclear reactors are expensive, 
In addition, operating costs are in- 
creased because of the necessary 
chemical processing, shielding, re- 
mote controls, insurance against 
hazards, and waste disposal prob- 
lems which accompany nuclear re- 
actors, 

The saving in the cost of produc- 
ing power will have to come from 
the fuel cost. The fuel cost in a 
conventional plant is approximately 
3.4 mills per kilowatt-hour, This 
represents 30 per cent of the cost 
(including distribution costs ) of in- 
dustrial power, and 12 per cent of 
the cost (including distribution 
costs) of domestic power, These 
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Two scientists in- 
spect the Illinois In- 
stitute of Technol- 
ogy reactor, core of 
which is shown in 
frontice. The scien- 
tists are checking a 
shielding in 
one of the experi- 
mental ports of the 
reactor. 


percentages are the maximum pos- 
sible saving by substitution of 
atomic fuel for coal. Comparison of 
fuel costs between conventional 
and nuclear plants de ‘pends upon 
the type of reactor employed, Na- 
tural uranium costs $35 per pound, 
but only 0.7 per cent is fissionable. 
The fuel cost in a non-regenerative 
reactor, in which just the uranium- 
235 is utilized, is 7 mills per kilo- 
watt-hour. Fuel cost for con- 
verter, in which one per cent of 
the natural uranium is consumed, is 
1.3 mills per kilowatt-hour, Fuel 
cost for a breeder in which 50 per 
cent of the natural uranium is con- 
sumed is 0.026 mills per kilowatt 
hour; if all the natural uranium is 
consumed, the cost is 0.013 mills 
per kilowatt-hour, Fuel cost for a 
breeder is almost negligible com- 
pared to total operating costs. The 
annual uranium requirement of a 
plant of 200,000-kilowatt installed 
capacity is 77 tons for a non-regen- 
erative reactor, 27 tons for a con- 
verter, and 540° pounds for a 
breeder with 100 per cent. con- 
sumption of uranium. 

The key to economic feasibility 
for single-purpose nuclear plants 


economic 


is the development of 
breeding reactors, Economic feasi- 
bility with present reactor design 
is a reality, however, in areas 
where costs for conventional fuels 
are high. Many European countries 
are in this classification, and one of 
them, Switzerland, is building a 
nuclear reactor. The reactor, which 
will cost over four million dollars, 
is being built by three Swiss power 
companies. 


A.E.C. Reactor Studies 


The situation in this country, 
where fossil fuels such as coal and 
oil are cheap and abundant, is not 
as promising at the present. The 
Atomic Energy Commission does 
not believe that atomic power will 
be a competitive economic reality 
for at least ten years. This opinion 
is substantiated somewhat by the 
results of studies made by four in- 
dustry teams under the sponsor- 
ship of the A.E.C. 

The Dow Chemical Company— 
Detroit Edison Comp: any studied a 
liquid-sodium-cooled fast breeder 
reactor using uranium-235 fuel con- 
tinuously moved through the re- 
actor and the processing operations 
as molten metal, metal slurry, or 
fused salt. The economic analysis 
of this reactor shows that it will 
not be competitive until after the 
initial 5-year amortization period, 
because of high fixed charges dur- 
ing the period, 

The Commonwealth Edison Com- 
pany—Public Service Company of 
Northern Illinois studied two con- 
ventional thermal, non-breeder re- 
actors: one was helium-cooled and 
graphite-moderated; the other, deu- 
terium-cooled and deuterium-mod- 
erated. The helium-cooled reactor 
requires an investment of over $800 
per kilowatt of installed capacity, 
which is excessively high. The deu- 
terium-cooled reactor requires $560 
per kilowatt of installed capacity. 
The cost of deuterium is 40 per 
cent of overall cost. Using light 
water for cooling and moderation 
would reduce the total cost by $47,- 
(00,000, but would require the use 
of enriched uranium as fuel rather 
than natural uranium. 

The Monsanto Chemical Com- 
pany—Union Electric Company of 
Missouri studied liquid-sodium- 
cooled, graphite-moderated thermal 
reactor using enriched uranium as 

(Continued on Page 60) 
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NEUTRON EXPOSURE FACILITY 


Artist’s sketch of the Illinois Institute reactor. Atomic fission, which takes place in the reactor core, center, produces radiations 
useful in medical, industrial and scientific research. The reactor will be located 5 feet underground and will be shielded by five feet 
of dense concrete. 


Technicians (left) check a shielding plug in the LIT. reactor. At right is the mechanism that closes and opens the 40,000 pound 
door of the reactor; the core will be buried under this floor. 
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uestion: 


What makes 
a company a good 
place to work? 


Souare D 


“THE HUMAN TOUCH” 


THE RAY PORTER SINGERS 


This record tells why—musically 
— wed like te Leuk you a 


There are a lot of things to consider in 
selecting the organization with which you 
will stake your future. For example, how is 
the company rated in its field? Is it known 
as a “quality” company? Is it growing? Is it 
aggressive? Is it big enough to offer you the 
opportunities you want? Is it too big—to 
the point where, of necessity, it deals with 
numbers instead of individuals? 


...We think that last factor is mighty 
important. We call it the ‘‘human touch” ele- 
ment and it’s pretty well explained, music- 
ally, in a theme song we had recorded for a 
recent national sales conference. The Ray 
Porter singers do some rather unusual vocal- 
izing you’ll probably enjoy. Clip the coupon 
and let us send you a record. It’s good listen- 
ing with a little food for thought thrown in. 


mall this coupon for your 
“Human Touch” record 


NAME 


Square D Company, Dept. EM 
6060 Rivard Street, Detroit 11, Michigan 
I'd like a ‘Human Touch” record and a copy of Square D’s brochure, 
“"YOUR ENGINEERING CAREER” 
I am primarily interested in ( Research, Design & Development 
Engineering () Manufacturing Engineering (Sales Application and 
Field Engineering 


SQUARE 


D 


COMPANY 
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IMPORTANT ON-CAMPUS 


NORTH AMERICAN’S 
COLUMBUS DIVISION 


North American Aviation, foremost in the design and production of 
military aircraft, has an established engineering team at its Columbus 
Division with prime responsibility for complete design and development 
of Navy aircraft. 

The New FJ-4 — Navy’s latest and fastest Fury Jer—is the most 
recent achievement at Columbus. Other, even more advanced designs 
are now being developed from initial concept to actual flight... creating 
top opportunities for virtually all types of graduate engineers. 

Contact your Placement Office for an appointment with North 
American representatives. 


Or write: Engineering Personnel Office, Dept. COL, North American 
Aviation, Columbus 16, Ohio. 


THE COLUMBUS DIVISION OF 


NORTH AMERICAN AVIATION, INC. 
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This new Columbia-Southern barge for transporting caustic soda has a 1200-ton capacity, and reflects the latest in d 


and expansion many fie 


and impro 


Setting the pace in chemical transportation is just one of the many contributions to the chemical industry by Columbia-Southern. 


If you are interested in building a successful and 
creative lifetime with a firmly established, constantly 
expanding company recognized as a leader in its many 
fields, you should investigate your career opportunities 
at Pittsburgh Plate Glass Company. 

In addition to being a leading name in one of the 
nation’s most essential industries, flat glass, PPG is a 
“blue-chip” organization in the production of plastics, 
paints, fiber glass, paint brushes, and chemicals, 

Columbia-Southern Chemical Corporation, one of 
PPG's subsidiaries, is the world’s largest merchant 
producer of chlorine. From Columbia-Southern also 
come tonnages of vital industrial chemicals: soda ash, 


PPG produces large quantities of 
glass for automotive, home build- 
ing, commercial and industrial uses. 


PAINTS + GLASS + CHEMICALS - 


PLATE 


Pittsburgh Plate’s fiber glass and 
plastics are being used in many new 
applications every day. 


caustic soda, calcium chloride, pigments used in rubber 
compounding, chrome chemicals, and numerous others. 
Columbia-Southern’s position as a leader in the fast- 
growing chemical industry stems from its reputation 
for solid business practice and customer service, backed 
by constant research and development. 

If you are interested in a career with outstanding 
job opportunities where your talents and initiative are 
respected and rewarded, by all means look into your 
career possibilities with the Pittsburgh Plate Glass 
Company. Write for more information to the Pittsburgh 
Plate Glass Company, General Personnel Director, One 


Gateway Center, Pittsburgh 22, Pa. 


Colorful Pittsburgh Paints are the 
overwhelming favorites of Mr. and 
Mrs. Homeowner the nation over. 


BRUSHES + PLASTICS + FIBER GLASS 


345 PLANTS, MERCHANDISING BRANCHES, AND SALES OFFICES LOCATED IN 250 CITIES 
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Unique method of anchoring IRC leads keeps them from 
being twisted or pulled out in automatic bending and 


inserting operations. 


{RC Type BT Resistor leads withstand 5 pounds pull even before 
resistor is molded. After molding, crimped collar provides a 
tooth-and-notch effect for still greater strength. 


New alloy surface on leads assures superior solder- 
ability by any method and under various temperature 
conditions. 


| 
ENGINEERING POSITIONS | 


IRC, leader in resistor engineering, offers excel- 
lent opportunities in engineering positions 
covering many professional fields. New de- 
velopments in electronics, miniaturization and 
automation constantly present new creative 
challenges. For information, write: 


ENGINEERING EMPLOYMENT, 
INTERNATIONAL RESISTANCE CO., 
401 N. Broad St., Philadelphia 8, Pa. 


INTERNATIONAL RESISTANCE CO. 
401 N. Broad St., Philadelphia 8, Pa. 


in Canada: International Resistance Co., Ltd., Toronto Licensee 
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ability, and greater reliability. ICs espe- 
dip ‘ing. That's why IRC puts 
enginee ngineering into resistor termi- 


To the engineer who intends 


to blaze trails... 


PGreat engineering advances are now 
taking place in America, and The 
Garrett Corporation is playing a 
vital part in making them possible. 

Reason for our important role is 
the forward looking approach of our 
engineers, who develop new solutions 
for industry as needed. If stimulat- 
ing assignments and recognition for 
achievement is what you're looking 
for, you'll enjoy working with us. 


Six inch long compressor-turbine assembly in a midget 
AiResearch air expansion refrigeration unit which 
operates at 100,000 r.p.m., can drop temperature more 
than 600° F. in a second. 


And if you like pleasant living, tog, 
our plants are located in the magt 
desirable areas in America. Algo, 
financial assistance and encourage- 
ment will help you continue your 
education in the graduate schools of 
fine neighboring universities, 

All modern U.S. and many foreign 
aircraft are Garrett equipped. We 
have pioneered such fields as refrig- 
eration systems, pneumatic valves 


| 


and controls, temperature controls, 
cabin air compressors, turbine 
motors, gas turbine engines, cabin 
pressure controls, heat transfer, 
electro-mechanical equipment, elec- 
tronic computers and controls. 

We are seeking engineers in all 
categories to help us advance our 
knowledge in these and other fields. 
Send resume of education and expe- 
rience today to: Mr. G. D. Bradley 


CORPOR MATION 


9865! 8S. SEPULVEDA BLVD., LOS ANGELES 45, CALIFORNIA 


THE 


DIVISIONS: AIRESEARCH MANUFACTURING, LOS ANGELES + AIRESEARCH MANUFACTURING, PHOENIX + AIRSUPPLY 
AIRESEARCH INDUSTRIAL * REX * AERO ENGINEERING «+ AIR CRUISERS + AIRESEARCH AVIATION SERVICE 
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RHAPSODIES WRAPPING 


In an age when “nucleonics,” 
“automation,” “autonetics,” “elec- 
tronics,” and “autodynamics” are 
common words among engineering 
minded people, it is no wonder that 
one of the most fascinating me- 
chanical developments of a scant 
thirty or forty years ago has been 
all but forgotten. Forgotten to the 
point where a good many of the 
younger readers of this article have 
probably never even seen or op- 
erated one of the machines to 
which we _ refer—the mechanical 
piano! Yet the fabulous industry 
which developed produced 
literally hundreds of different types 
and makes of these machines was 
once the most fertile field imag- 
inable for whoever would be inge- 
nious in the ways of gadgetry and 
musical whimsy. 


Developed by ‘Gadgeteers’ 


Today we hear much of ‘Engi- 
neering’ and ‘Development’. It is 
questionable whether much_ real 
engineering was done in this indus- 
try in the sense that most of us 
think of the subject today—what 
with complicated mathematical 
tools, formal educations in the sub- 
jects, experts and consultants in 
particular fields, and so forth, But 
there certainly was an astounding 
amount of development and_re- 
search work done. The engineers— 
or perhaps we should say gadg- 


Fig. 1: Cross-sectional drawing of an ordi- 

nary home-type player piano, fitted with 

a player action manufactured by the 
standard Pneumatic Action Co. 
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Harvey N. Roehl, ME °49 


% STANDARD PNEUMATIC ACTION COMPANY 
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Paper roll 
Tracker Bar —_ 
Pneumatic tube —— 


Push rod to Plano Action 
c Action Pneumatic 


\ Pneumatic Support Deck 


Shaft to Drive Motor 


Valve 
Chamber "A" 


Pouch 


Chamber ''B" 


Vent 


“Upper Vacuum Manifold 


To Lower Vacuum Manifold 


Fig. 2: Single Valve Pneumatic Action. 


eteers—in this business managed to 
develop the player piano to the de- 
gree where in its highest state it 
was able to reproduce perfectly the 
exact impressions and expressions 
of the great pianists of the day who 
were called upon to permit the ma- 
chines to reproduce. their artistry 
upon a paper roll, Today 
we hear much talk of servo systems, 
feedback circuits, linear program- 
ming, and so forth... all of which 
is old stuff to the player piano busi- 
ness, even to inventors who never 
heard of a differential equation or 
a LaPlace Transform! 
Unfortunately, the piano indus- 
try characteristically is poor at rec- 
ord keeping, and somehow the 
general public never has had much 
interest in what a piano is all about 
other than the fact that it should be 
a nice piece of furniture, The result 
has been that very little has ever 
been placed in print about pianos 
in general, and practically nothing 
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at all about player pianos. A good 
example of lack of information is 
the LINK Company of Bingham- 
ton, New York—now LINK Avia- 
tion, Incorporated. Several old 
timers who worked in the factory 
at various times during 30 years of 
player piano manufacture have 
told the writer that there never was 
a blueprint in the place, All parts 
were made from sketches on pieces 
of wood! This means that to piece 
together today a comprehensive 
history is all but impossible; but 
we can go back through the years 
and get an over-all picture of the 
industry, and see some of the con- 
traptions that came upon the scene. 


Early Development and Operation 


Opinions differ as to who should 
get credit for the earliest develop- 
ment, but the majority of evidence 
points to a Frenchman named For- 
neaux who perfected in 1863 a ma- 
chine which could be wheeled up 


to the front of an ordinary piano, 
such that fingers on the back of the 
machine would contact the key- 
board and play upon the notes ac- 
cording to the dictates of perfora- 
tions in a piece of cardboard set 
into a slot. The whole thing was 
operated by turning a crank on the 
front, much like a hurdy-gurdy. 
Forneaux’s machine was not a com- 
mercial success, but it received a 
certain amount of attention and in 
fact formed the configuration of the 
mechanical player as it existed until 
about 1906, that is, a “wheel-up” 
or “push-up” attachment to play 
the keyboard of a normal piano. 
These began to appear commer- 
cially in the very late 1800's, 

But all through the years, in 
spite of additional complexities, the 
basic mechanism for striking a key 
on an impulse from a hole in a per- 
forated sheet has remained the 
same and it is well that this be re- 
viewed before examining various 
types of machines. To begin with, 
a vacuum is produced, In the home 
style pianos, this was generally 
done by pedalling with the feet to 
open and close large exhausting 
bellows, as at “B” in Fig. 1. This 
vacuum is delivered (if we may 
speak of vacuum as a_ positive 
quantity ) to a manifold “T” in Fig. 
1, From here refer to Fig. 2, en- 
larged for purposes of clarity: note 
that the vacuum is at all times in 
chamber “B”, from which it can 
pass through the small vent hole to 
be not only on both sides of the 
flexible leather pouch, but also to 
enter the pneumatic con- 
nected to the tracker bar, This 
means that the pouch has equal 
pressure on top and bottom, and 
therefore would not assume any 
particular position except that it is 
connected to a leather-faced valve 
having both an upper and a lower 
seat. Note that the top of the valve 
is exposed to atmospheric pressure, 
while the bottom is exposed to 
vacuum and this forces the valve 
to the seat on the vacuum side. This 
then means that the “action pneu- 
matic” (in player piano terminol- 
ogy, small bellows are called “pneu- 
matics”) is filled with air at atmos- 
pheric pressure. 

(There is one of these complete 
set-ups in the piano for each note 
to be operated mechanically, which 
means 88 in most home style pi- 
anos. Obviously, then, the parts are 


THE CORNELL ENGINEER 


G td wer 
/ / 
| | | 
* SG LL) 
: 


small and must be compact. The ac- 
tion pneumatics are generally 3 to 
4 inches long and about an inch 
wide. ) 

Now suppose the paper roll ad- 
vances to a perforation and the 
pneumatic tube is exposed to the 
atmosphere, Atmospheric pressure 
enters under the pouch, raising i 
by virtue of the fact that the vent is 
small in diameter compared with 
the other passages. Raising the 
pouch raises the valve, cutting off 
the opening of atmospheric pres- 
sure to the action pneumatic and 
connecting vacuum to it through 
chamber “B”. The pneumatic there- 
fore collapses, raising the push rod 
to the piano action and striking the 
hammer to the strings—or perhaps 
performing some other ingenious 
function such as striking a drum, 
beating a cymbal, or making an ad- 
justment (a servo function ). 

It takes quite a few words to de- 
scribe this process, but it doesn’t 
take very long i in practice, A player 
mechanism in good working order 
can repeat this process ten times 
per second, And, of course, the care- 
ful reader will notice that the mech- 
anism in Fig. 2 is slightly different 
from that in Fig. 1. Fig. 1 is a cross 
section of what is known as a 
“double valve” system, which 
amounts to two valves like Fig, 2 in 
series for each striking note. The 
writer has both single valve and 
double valved pianos in his collec- 
tion, and both seem to work very 
well. However the manufacturers of 
the double system claimed that their 
devices permitted faster repetition 
of notes, probably owing to the fact 
that the first or primary valve could 


be quite small and therefore act as 
a relay for the second. This in turn 
meant that a smaller impulse of air 
at atmospheric pressure acting 
through the paper roll would start 
the train of events. 

The early types of commercially 
available home style players, as 
mentioned previously, were those 
that would play the keyboard of a 
regular piano, These devices were 
generally similar to the one illus- 
trated in Fig. 3; in order to accom- 
modate different pianos the casters 
were adjustable up and down 
(fortunately, key widths are stand- 
ard). Machines of this type are 
strictly collectors’ items and mu- 
seum pieces today, and so are the 
rolls that fit them, The early players 
used rolls that play ved 65 of the 88 
notes on the piano keyboard, and 
the players were constructed ac- 
cordingly, with the tracker bar hav- 
ing six holes to the lineal inch to 
match the paper perforations. 
These early rolls are quite scarce, 
but are quite interesting because 
they represent the first attempts to 
catalog the outstanding classical 
compositions of the day. But of 
course the re-arrangements neces- 
sary to squeeze a full 88-note com- 
position into a range of only 65 
notes often meant pretty thorough 
mutilation of the original writer's 
aims! 

One of these machines, the PI- 
ANOLA marketed by the Aeolian 
Company of New York City 
brought to the American scene a 
trade name that became practically 
a generic term applied to all player 
pianos. There were any number of 
attempts by other manufacturers 


to coin a title that would be as 
catchy to the public ear, but all 
have been long since lost by the 
wayside. Who can remember the 
Auto-Tone, the Auto-Manual, the 
Playold, and Piola, the Pianoleno, 
the Tone-Ola, or any of the myriad 
others that appeared? 

Shortly after the turn of the cen- 
tury, various inventors managed to 
build player mechanisms small 
enough to fit inside the cases of 
regular upright pianos; this was 
considered a very desirable situa- 
tion because it eliminated the ne- 
cessity of wheeling around an es- 
sentially cumbersome contraption 
in order to play mechanically, In 
addition, it would mean just that 
much less cabinet work, a lower 
overall cost, and a 
greater market not only for pianos 
but for rolls as well! And while all 
this was going on, the fertile minds 
of these fellows were also occupied 
in ways to make the mechanisms 
more compact and less expensive to 
produce, with the ultimate aim of 
an inexpensive player for all eighty- 
eight notes of the piano! 

While it is not clear just when 
the first 58-note player was built, 
it is evident that by 1910 the push- 
up player was a thing of the past, 
and also were the 65 note rolls. By 
that time the typical home- style 
player piano was practically at the 
peak of its development and the 
only changes that were made be- 
tween that time and the present 
were in the class of refinements, 
rather than new concepts. In fact, 
in November of 1956 the Hardman 
Peck Company of New York intro- 
duced a small player piano to the 


Fig. 5: Scenes from the research and development laboratories of the American Piano Company. 
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market ($1295.00) evidently 
help meet the demand of people 
who are now scrounging the coun- 
tryside for machines to fill in their 
game and recreation rooms, For 
all practical purposes this machine 
is the same as those of 45 years 
carlier—at least as far as mecha- 
nism goes. But to be sure, it is a 
nicer looking piece of furniture! 
As might be expected during the 
period of transition from 65 note 
rolls to 88 note rolls (which have 
perforations spaced nine to the 
inch instead of six), a number of 
players appeared on the market 
which would accommodate either 
size by a manipulation of the track- 
er bar, In fact, at least one machine 
was marketed which would accom- 
modate not only these two sizes, 
but three other sizes as well which 
somehow appeared on the scene! 


The Expression Reproducing Piano 


The statement that the typical 
home player did not change much 
in 45 years is a bit misleading, 
because during the period from 
1907 until 1929 a great deal of 
development work was done on 
what is known as the expression re- 
producing piano. Evidently the 
first commercial effort in this di- 
rection came from Germany, with 
M. Welte & Sons of Freiburg mar- 
keting a machine called the “Welte 
Mignon” which was capable of ren- 
dering, automatically, music for all 
practical purposes ex ictly the same 
as what the artist could play by 
hand. These pianos are not con- 


sidered to be typical, because ow- 
ing to their mechanical and pneu- 


3: The Pianola. Self-playing push-up players of this type 


matic complexities, they were ex- 
pensive, and consequently found 
their way mainly into the homes of 
the wealthy. In addition, because 
they were complicated, there were 
never very many service men who 
could understand them—much less 
repair them—and consequently few 
of them ever worked very well 
for very long. There are very few 
people around today, including 
professional piano technicians, who 
have much appreciation of how 
magnificent some of these machines 
were. 

With the exception of a couple 
of magnetically operated players 
that appeared on the market, prac- 
tically all of the expression repro- 
ducers worked on a very simple 
principle, The upper vacuum mani- 
fold (see Fig, 2) was divided into 
two halves—a bass half and a treble 
half, Each of the halves received 
its vacuum from a pump in the 
lower part of the piano (usually 
electrically operated to insure uni- 
formity of pressure ) through a var- 
iable rate valve, This valve was in 
turn positioned by extra perfora- 
tions in the sides of the paper rolls. 
But as is often the case, in order to 
get simple principles to work a lot 
of extra gadgetry is necessary 
(modern aircraft jet engines are a 
good example ) and a glance at Fig. 
4 will illustrate this point. 

It is apparent that under these 
conditions, with as many as 16 dy- 
namic gradations of inte ‘nsity avail- 
able through each half ‘of the 
vacuum manifold, that delicate 
shadings of expression were indeed 
available; but it is also apparent 


were popular in this country around the turn of the century. 
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that while expression was available 
for both bass and treble sections of 
the keyboard, no variation was 
possible between individual notes 
in either section, This means that 
these pianos made no variation of 
intensity of striking the notes in a 
particular chord normally played 
by one hand, for example. But the 
odd part is that this fact seems 
to make little difference, Accom- 
plished musicians have difficulty, in 
fact in most cases can not recog- 
nize that music emanating from 
these machines is reproduced me- 
chanically. 

The AMPICO, along with the 
Welte Mignon and the Aeolian 
Duo-Art, represented the best 
known names in the reproducing 
field. The early Welte was, as men- 
tioned, a German development, but 
this machine appeared also in a 
modified American Licensee form 
produced by the Auto-Pneumatic 
action company of New York City. 


Promotional Techniques 


The producers of these pianos 
went to no end of trouble to get 
the great artists of the day to per- 
mit their work to be reproduced 
for sale to the public in the form 
of rolls. The names of Paderew- 
ski, Gershwin, Saint Saens, Giese- 
king, Grieg, and all the others 
abound in the elaborate catalogs 
of offerings put out by these com- 
panies, and in the monthly supple- 
ments to the catalogs. In most 
cases, signed testimonials from 
the artists appeared in the catalogs. 
A favorite stunt with the promoters 
of these pianos was to stage a con- 


Fig. 6: The violin and appurtenances from the Mills Violano- 


Virtuoso. 
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cert with a famous pianist accom- 
panying an equally famous orches- 
tra on a legitimate concert stage 
such as that of Carnegie Hall. After 
rendering some compositions, per- 
haps half way through one, the 
pianist would suddenly get up from 
his seat and walk off the stage, 
leaving the piano automatically 
continuing to accompany the or- 
chestra, the audience never hav- 
ing realized that the entire number 
had been played automatically 
right from the start! From the 
standpoint of development, if any 
real engineering was done in this 
business, it was in refinements to 
the reproducing pianos, The first 
AMPICO, for example, appeared 
around 1915, but all the time a re- 
search group was busily engaged in 
improvements to the end that in 
1929 an entirely new mechanism 
was marketed. Unfortunately, the 
depression pretty well finished 
what little was left of the player 
piano industry after the radio and 
phonograph business all but killed 
it in the 1920's, and the later AM- 
PICOs are now rare indeed, Fig. 
5 shows the AMPICO staff hard at 
work on new gadgeteering! Of 
course desperate efforts were made 
by some manufacturers to hang on 
to the sales of players in spite of 
competition, to the point where at 
least one concern introduced a 
player with a phonograph inside 
the case, and it is said that others 
were brought out containing radios. 

But the ordinary typical home 
player was at best a pretty honky- 
tonky affair—interesting pe rhaps, 
amusing ce rtainly, but offering lit- 
tle in the way of real musical satis- 
faction, So it is no wonder that the 
demand for them quickly dimin- 
ished almost to nothing for 30 
years, to the point where only one 
of the many companie s producing 
rolls was able to survive to supply 
the needs of the few “music lovers 
who had kept their machines in 
repair. This one concern is the Im- 
perial Industrial Company of New 
York City, which has a staff of 15 
or so getting the latest hits of the 
day to market under the trade 
name “Q.R.S.” 


Present Use 

So what is the future for player 
pianos? There is a large demand 
for them nowadays by people who 
have recreation rooms and_ think 
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Fig. 4: The back side of the AMPICO upright player mechanism, showing the position 
of the parts in the piano case. The lower view is of the hole layout of the tracker bar. 


that they are a lot of fun, to the ex- 
tent that there aren't enough of 
them in working order to go around. 
One newspaper recently estimated 
that there are probably 100,000 of 
them still in existence in the country, 
but the important question is how 
many of them actually work, be- 
cause the greatest enemy of these 
machines is disuse, Rubber parts 
characteristically tend to harden 
with age if they are not flexed oc- 

casionally, and this means that if a 
player has been unused for any 
length of time chances are it must 
be completely re-built and all tub- 
ing replaced and all pneumatics re- 
covered ,. . needless to say, a sub- 
stantial undertaking. To make mat- 
ters worse, most of the player piano 


technicians of the old days are now 
gone or retired, and very few mod- 
ern day tuners and repairmen even 
have bothered to try to understand 
player mechanisms, The few that 
do understand them generally dis- 
like working on them, because 
more money is to be made in tun- 
ing—in addition to which very few 
people are willing to pay the cost 
of a complete rebuilding. 

To be sure, there have been re- 
cently and are now players on the 
market, In 1950 the Aeolian Ameri- 

can Company introduced a new 
type Pianola, but it was withdrawn 
from the market after a few months. 
In 1954 the Gribble Music Com 
pany of Kansas City introduced an 
attachment called the “Magic Fin- 
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gers”, developed by the Midwest 
Research Institute. Interestingly 
enough, History repeats itself here 
as elsewhere, The earliest players 
were attachments, and now the 
newest is also an attachment al- 
though in slightly different form. 
Sales of this piano, however, have 
evidently not developed to the 
point where it can be considered 
a commercial success. The Hard- 
man Peck machine was mentioned 
earlier, Unfortunately, even in its 
simplest form, a player is a fairly 
complex machine that requires 
much hand labor, and therefore the 
cost is not likely to get down to 
the point where any mass market 
is again going to be realized, So 
the best conclusion that can be 
made as to the future of the player 
piano is that it will become more 
and more of a collector's item as 
time goes on, and consequently 
more and more of a novelty to suc- 
ceeding generations, 


Coin-operated Machines 


But no story of the player piano 
would be complete without going 
back to the beginning and review- 
ing some of the efforts put forth in 
the field of coin-operated machines 
for places of amusement, This is 
the area where the gadgeteers really 
had their field day, because the 


general idea seemed to be to get 
as many instruments as possible 
squeezed inside the piano case to 
supplement the music of that in- 
strument—and often the results 
were truly astounding! 

The LINK Company previously 
mentioned, for example, was the 
successor to the Binghamton Auto- 
matic Musical Company which was 
founded around 1900 . . . this 
concern is known to have produced 
a variety of types of instruments, 
but one of the first is the coin- 
operated automatic xylophone. 
Shortly after this device came the 
automatic pianos into which were 
placed xylophone attachments as 
well as sets of wooden flute pipes, 
drums, cymbals, castanets, etc. Mr. 
E. A. Link gained control of this 
organization around 1910 and from 
then until 1929 manufactured both 
automatic pianos and pipe organs. 
This company would have passed 
into oblivion like most of the rest, 
had it not been for the aeronautical 
interests of his son, Mr, Edwin A. 
Link who built an aviation flight 
trainer utilizing many principles of 
player piano construction and was 
able to build a very substantial 
business out of it. Player piano 
enthusiasts can feel right at home 
in examining a World War II Link 
trainer—they are full of bellows, 


AUTOBIOGRAPHY 


Harvey N. Roehl was graduated 
summa-good-riddance from Sibley 
in 1949, after starting in 1941. A 
native Ithacan, he is the son of the 
late Professor L. M. Roehl of the 
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Agricultural Engineering Depart- 
ment, a fine musician who spent no 
end of money to see that his sons 
had fine musical educations—only 
to have this one drag a beat-up old 
player piano into the basement of 
the family homestead at the earliest 
opportunity! 

Harvey tried working for a couple 
of years after leaving Ithaca, but 
finally decided that teaching is an 
easier way of making a living. Pres- 
ently he is Director of Extension work 
at Broome Technical Community Col- 
lege in Binghamton, New York, is a 
member of the Cornell Society of 
Engineers, and holds a New York 
State Professional Engineers License. 

Most of the material in this article 
was extracted from a picture scrap- 
book of player pianos which he is 
writing, and which is to be published 
by Century House of Watkins Glen, 
New York, sometime in 1957. 

H.N.R. 


pneumatics, and other closely _re- 
lated paraphernalia, 
note: At this writing, Bill Link, 
grandson of the founder, is a Cor- 
nell Engineering Student. ) 


One of the greatest American 
music houses, Wurlitzer, produced 
a tremendous number of automatic 
pianos of all varieties—from the 
simplest 44 note Pianino for small 
gin mills to the large photoplayers 
for silent motion picture theatres. 
These machines were basically 
pianos, but they had separate cabi- 
nets containing drums, traps and 
other noisemakers. The roll mech- 
anisms were also unique, There 
were automatic changing devices 
which could be controlled by the 
motion picture operator from his 
booth, so that merely by pressing 
the proper buttons he could change 
from struggle music to chase music 
to sob selections to meet the vary- 
ing needs of the scenes upon the 
silver screen! And of course Wurlit- 
zer had a large business in Military 
Band Organs—not really pianos, 
but certainly related—which were 
used in skating rinks, large dance 
halls, and merry-go-rounds. The 
Artizan Company and the North 
Tonawanda Musical Company 
were also active in this field, 

One of the great Juke Box names 
of today—Seeburg—owes its exist- 
ence to the preceding automatic 
piano business. This was a very 
aggressive concern from the stand- 
point of merchandising, and their 
machines were sold far and wide 

. machines ranging from rela- 
tively small pianos without key- 
boards, to giant orchestrions ten 
feet tall, loaded with gadgets and 
doodads in addition to the piano 
itself. 

The list of names is almost end- 
less. Coinola, Electrova, Nelson 
Wiggen, Welte, Hupfeld  (Ger- 
man), Tangley Calliophone, Cre- 
mona, Regina (now a vacuum 
cleaner ), Peerless, and many others 
are now forgotten by all except a 
few diehard collectors and a few 
museums which specialize in this 
sort of thing. One of the outstand- 
ing collections in the East is oper- 
ated by the Sanders family in 
Deansboro, New York (near Uti- 
ca); the Lightner museum in St. 
Augustine has some machines, the 
D. Cameron Peck auto collection 
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We need able young 
engineers. You want a 
real career opportu- 
nity. Let's get together. 


A thousand products 
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Outstanding opportunities in: 


Electronics, Electromechanics, Ultrasonics, Systems Analysis, 
Computers, Automation and Controls, Nucleonics, Hy- 
draulics, Aerophysics, Instrumentation, Solid State Physics, 
Combustion, Heat Transfer, Propulsion, Metallurgy, 
Communications, Carburetion, Ignition, Radar, Sonar, 
Structures. 


See your placement director or write to Director of Univer- 
sity and Scientific Relations, Bendix Aviation Corporation, 
Executive Offices, Fisher Building, Detroit 2, Michigan. 


a million ideas 
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CHEMICAL 
PROGRESS 
WEEK-APRIL 8-12 


A BETTER AMERICA 
THROUGH CHEMICAL PROGRESS 


Columbia-Southern wants the man who makes 
the grass grow under his feet 


We're twisting the maxim because the 
man who makes grass grow underfoot 
is apt to be the uncommon man. He 
stops often . . . thinks creatively . . . 
and leaves accomplishment behind 
when he moves up. Men of this 
uncommon ability and potential are 
needed to hold Columbia-Southern’s 
growth on the soaring curve achieved 
over the past several decades. 
Chemical, electronic, electrical, me- 
chanical, mining, civil engineers .. . 
chemists . . . physicists . . . mathema- 
ticians . . . Columbia-Southern’s con- 
tinuing expansion Opens fare Career 
opportunities for you all. These require- 
ments directly reflect vigorous progress 
in our research and development, cus- 
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tomer technical servicing, plant design, 
construction, production, maintenance, 
sales, transportation, and related 
activities. 

Let us add that Columbia-Southern’s 
uncommon ideas regarding “job train- 
ing” have been developed to get... 
and keep . uncommon men. In- 
dividuals walk faster than platoons. 
The focus is on your achievements, 
your desires, your progress. Why not? 
Our management is you . . . five, ten, 
fifteen years ago. Turn it around, 
Attractive? 

If the idea of putting your uncom- 
mon abilities into rewarding action at 
Columbia-Southern sounds appealing, 
write us for more information, Com- 


munication is most direct when you 
contact our Personnel Department at 
the Pittsburgh address, or at any of 
our plants. 


COLUMBIA-SOUTHERN 
CHEMICAL CORPORATION 


SUBSIDIARY OF PITTSBURGH PLATE GLASS COMPANY 
ONE GATEWAY CENTER: PITTSBURGH 22° PENNSYLVANIA 


DISTRICT OFFICES: Cincinnati ¢ Charlotte 
Chicago Cleveland Boston New 
York © St. Lovis © Minneapolis ¢ New 
Orleans © Philadelphia © Houston 
Pittsburgh Dallas San Francisco 
IN CANADA: Standard Chemical Limited 
and its Commercial Chemicals Division 
PLANTS: Barberton, Ohio © Bartlett, Calif. 
Corpus Christi, Texas © Lake Charles, La, 
New Martinsville, W.Va. ¢ Jersey City N. J. 
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NEW PRODUCTS CORPORATION 


HOME 
APPLIANCES 
Cornerstones of the NPC 


rate Character... Expressed in 
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in the|\craftsmanship of every product, 4 
as$ures you) f the highest quality in 


designing, toolin 
/ and finishing se castings in zin 


luminum or\magnesium. x 


ELECTRONICS 


AIRP!.ANES 


HAND TOOLS 


industry finds integrity, quality and service in NPC products. Mindful of this 
deep responsibility, everyone at NPC continually strives to maintain the 
highest of standards. Tool makers and production craftsmen that take pride 
in their work, utilizing the latest in modern machinery, enable 
NPC to perform a broad service for varied industries. 


Propucts Corroration 
P.O.BOX 666 ¢ BENTON HARBOR 1, MICHIGAN 


Since 1922 
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CAMERAS 


A message to the engineer 
with tomorrow on his mind 


—From Melpar, One of the Nation’s Leading 
Electronic Research & Development Organization 


Melpar’s sure, swift growth during the past 11 years — 
we have doubled in size every 18 months — is due, in 
large measure, to the outstanding performance of our 
engineering staff. 

Our organization is continually called upon to per- 
form tasks which have never been done before. Thanks 
to the creative talent which forms the backbone of our 
organization, we have grown both in stature and size. 
Members of our staff have enjoyed similarly rewarding 
growth. 


Performance Determines Advancement 


As Melpar grows so do members of our staff. Individual 
recognition is a fundamental policy at Melpar. Should 
you join our staff you will advance solely on the basis of 
your performance on the job. 

The average age of our engineering staff (one of the 
youngest in the industry), and the rapidity of growth of 
above-average men, are both clear indications of what 
our policy of individual recognition can mean to you. 
You can feel certain that your efforts will be justly and 
quickly rewarded at Melpar. 


Project Teams 


In a number of large research and development organi- 
zations the engineer is often confined to a narrow sphere 
where his talents and skills cannot be utilized to the 
fullest extent. At Melpar this hindrance to professional 
growth and satisfaction has been eliminated by means 
of our project team system. 

Upon graduation you immediately bec. me a member 
of a project group. You are assigned responsibilities as 
soon as you have had the opportunity to grasp the basic 
concept of your program. With the opportunity to draw 
upon the experience and abilities of the other members 
of your “team”, your program is carried from its initial 
conception to completion of a prototype model. 

This system will give you the satisfaction of seeing 
your own efforts materialize, in addition to supplying 
you with experience essential to eventual managerial 
responsibility. 
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Fine Living Conditions 


Melpar laboratories are located in choice suburban 
areas near Washington, D. C., and Boston, Mass. These 
two areas were selected as the sites for our laboratories 
on the basis of their proximity to educational, cultural, 
and research facilities well above the average. Fine hous- 
ing in all price ranges is readily available. 


Facilities 


At Melpar complete facilities for creative research and 
design are available. Our headquarters laboratory near 
Washington, D. C. encompasses 265,000 air-conditioned 
square feet, is ultra modern in design and equipped 
with an eye to both present and future needs. 


Financial Assistance For Advanced Study 

Advanced study is encouraged at Melpar. Graduate 
courses in engineering subjects are offered at our main 
laboratory, at five universities in the Washington, D. C. 
area, and several universities in the Boston periphery. 
A large percentage of Melpar’s engineering staff is pres- 
ently engaged in part-time graduate study, for which the 
company offers financial assistance. 


Melpar Is Engaged In The Following Fields: 


Flight Simulators * Radar and Countermeasures * Network Theory 
Systems Evaluation * Microwave Techniques * Analog & Digital Com- 
puters * Magnetic Tape Handling * UHF, VHF, or SHF Receivers * Pack- 
aging Electronic Equipment ¢ Pulse Circuitry * Microwave Filters * Servo- 
mechanisms * Subminiaturization * Electro-Mechanical Design * Small 
Mechanisms * Quality Control & Test Engineering * Field Engineering 
Antenna Design 

For additional information contact the placement officer at your university or 


Write: Technical Personnel Representative 


M E & PA R Incorporated 


A Subsidiary of Westinghouse Air Brake Company 


3000 Arlington Boulevard, Falls Church, Va. 
10 Miles from Washington, D. C. 
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SPECIAL ELECTRICAL ALLOYS 
and MAGNETIC MATERIALS 


CORROSION and HEAT- RESISTANT STEELS 
Super High-Temperature Steels 


TOOL and DIE STEELS 
and SINTERED CARBIDES 


wew 6486 
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Coming at you — 


One of the Royal Family of Steel 


Our niche in the economic health of this nation in peace, and its defense in 
war, is to develop and produce the high-alloy steels and other special metals 
that play an irreplaceable role in modern design and future planning. The 
function of these materials is to do what ordinary metals cannot even approach 
in resisting corrosion, heat and wear, and in performing vital electrical and 
electronic chores. @ The kind of pioneering work we do may be what will 
appeal to you after college. In any event, whenever your industrial future brings 
you face-to-face with problems that ve special high-alloy steels can solve, 
the place to come for answers is Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 


PIONEERING on the Horizons of Steel 


Allegheny Ludlum 
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EARLY DEVELOPMENT THE 
PETROLEUM INDUSTRY 


Fifty years ago the refining of 
crude petroleum involved very lit- 
tle engineering. The most impor- 
tant product was kerosene, then 
widely used in cities, towns, and 
villages for burning in lamps as a 
source of illumination, A simple 
distillation was sufficient to  pro- 
duce this material, Today gasoline 
with special characteristics is re- 
quired for modern combustion en- 
gines in automobiles and aircraft. 
In addition other chemical prod- 
ucts such as alcohols, synthetic rub- 
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ber, and aromatic hydrocarbons are 
produced from petroleum, 


Early Uses 

History is filled with references 
to oil in one form or another, Pitch 
was used for mortar in the walls of 
the tower of Babel, Egyptian kings 
used petroleum to lubricate the 
wheels of their chariots. More than 
two thousand years ago the Chinese 
used natural gas for both heat and 
light in their homes, piped through 
hollow pieces of bamboo, 


Baytown, Texas refinery. 


At the time of the decline of the 
Roman Empire, Pliny the Elder 
recommended oil for bleeding, cat- 
aract, leprosy, gout, toothache, 
rheumatism, and for straightening 
eyelashes. The American Indian 
used oil for healing and lubricating 
his body. He burned oil in his rit- 
uals and used asphalt to waterproof 
his canoe. 

The white man recognized the 
curative properties of oil and used 
it not only in the treatment of his 
own ills but also in the care of sick 


The petroleum refinery of today. Spherical gas storage tanks and fluid catalytic cracker at Humble Oil and Refining Company's 
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and injured horses and other do- 
mestic animals. He used it as an in- 
sect repellant and lubricated ma- 
chinery with it, However it was not 
until the Twentieth Century that 
man saw in oil a potential source 
of energy which could be made to 
do useful work. 

By 1800 men were searching for 
an improved way to get light. The 
demand for whale oil and tallow 
candles had become far greater 
than the supply. In 1826, Dr, S. P. 
Hildreth of Marietta, Ohio, wrote: 
“Petroleum affords considerable 
profit and is beginning to be in de- 
mand for lamps and work shops 
and manufactories. It affords a 
clear, brisk light when burnt this 
way and will be a valuable article 
for lighting the street lamps in the 
future cities of Ohio.” 

A Scotsman, James Young, dis- 
tilled oi! from coal and shale 
1847. About 1854, a Canadian ge- 
ologist, Dr. Abraham Gesner, de- 
veloped an improved coal oil for 
lamps and called it “kerosene.” 

Up until 1859 all petroleum had 
been skimmed from streams where 
it collected after seeping through 
the ground, However, most petro- 
leum is sealed off by impervious 
rocks and only rare sly reaches the 
surface without he ‘Ip ‘from man. In 
1859 the first oil well was drilled. 
Before this, oil had been encoun- 
tered in drilling for salt. When in 
1829, near Burkesville, Kentucky, 
saltwell drillers encountered an oil 
gusher, they permitted it to pour 
into the C Fi i rland River. Other 
salt wells were occasionally _re- 
ported ruined by the presence of 
oil. 

The first man to make real 
money from petroleum got his oil 
by collecting it from the surface of 
brine from a salt well operated by 
his father. This man was Samuel 
Kier, a Pittsburgh druggist. He 
marketed his oil in bottles for me- 
dicinal purposes, calling it “Kier’s 
Rock Oil.” 

Some of Kier’s oil fell into the 
hands of a New York kerosene deal- 
er, Colonel A, C, Ferris, Ferris had 
been selling kerosene made from 
coal and shale and decided to try 
marketing the new petroleum oil 
around New York City. He sold it 
but the customers complained, In 
spite of Kier’s crude attempts at re- 
fining, the oil did not burn well 
and had a nauseating odor. This 


APRIL, 1957 


High-pressure thermal cracking stills (1917). Heavy oil was charged to the horizontal 


drums and heated after which vapors from the drum were condensed as product. After 
a run, men entered the tanks and dug out the residual coke. 


started Ferris experimenting and 
he found that by treating the oil 
first with acid and then with hot 
caustic, the odor was eleminated. 
Soon Ferris’ customers demanded 
more refined oil than he could sup- 
ply. The price jumped from 75 
cents per gallon to $1.50 and $2.00. 

At this price there was a big in- 
centive to go out and find more 
petroleum, All efforts, however, to 
increase the supply met with indif- 
ferent success until 1859. 


The First Well 


The story of the first oil well be- 
gins when George H. Bissel, a busi- 
ness man of New Haven, saw a 
sample of Pennsylvania oil and be- 
came so interested that he traveled 
to Titusville, Pennsylvania with J. 
G. Eveleth, his partner. Together 
they acquired what was considered 
the most promising oil land in 
Pennsylvania. Bissel and Eveleth 
organized the Pe nnsylvania Rock 
Oil Company—the first petroleum 
company in the United States, The 
company recovered oil from seep- 
ages and sold it for $1.50 a gallon. 
In 1855, they hired Professor Ben- 
jamin Silliman, Jr. of Yale to ana- 
lyze their oi] and find more exten- 
sive uses for it. He concluded that a 
useful kerosene or synthetic coal oil 
and a number of other products 
could be refined from the crude pe- 
troleum. He wrote: “It appears to 
me that there is much ground for 
encouragement in the belief that 
your company have in their posses- 
sion a raw material from which, 


by simple and not expensive proc- 
ess, they may manufacture very 
valuable products.” 

About 1857 Bissel saw a sign 
advertising Kier's Rock Oil in a 
drug store window while strolling 
down Broadway in New York City. 
The sign showed one of the der- 
ricks used for boring and pumping 
brine wells. An idea struck him 
drill for oil. Bissel talked to his 
partner and it was decided to drill 
for oil near Titusville. Edwin L. 
Drake, a retired railroad conductor, 
was picked to go out and investi- 
gate the oil property largely be- 
cause he could get a free pass on 
the Pennsylvania Railroad. As_ is 
now well known, Drake struck oil 
in 1859, starting the fabulous oil 
rush in Pennsylvania. 

When Drake's well began  pro- 
ducing he was pumping from eight 
to ten barrels per day. Immediately 
he arranged to sell some of his oil 

Kier and others who also sold 
oil for medicinal purposes, But a 
surplus remained for which there 
was no market, Like Colonel Fer- 
ris, Drake learned that the oil 
would have to be purified before it 
could be burned in lamps. 


And Then Refineries 


As more wells sprang up near 
Drake's original one, little re- 
fineries mushroomed to meet this 
need for purification, Fifteen were 
in operation by the end of 1860. 
The coal oil industry was thrown 
into confusion by the discovery of 
oil in Pennsylvania, and within a 
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The fire-tube boiler of a high-pressure thermal cracking still. The boiler shown is under 
the cylindrical cracking drum. 


One of the earliest petroleum refineries. This refinery produced kerosene at Oil Creek, 
Pennsylvania in 1864. 
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few years most of the coal-distilla- 
tion plants had been adapted to 
the processing of petroleum, 

The refining process was simple. 
Crude oil was pumped into an iron 
drum, and heated with a coal fire. 
As the oil evaporated, the vapor 
passed from the still to a coil in 
which it was condensed. Then the 
liquid ran into receiving tanks or 
vats. 

The first product to come off was 
naphtha, Next came lamp oil, and 
finally a heavy oil containing par- 
affin, The residue from the still was 
dumped into a river or creek or 
burned as worthless. Thirty to forty 
barrels of crude oil out of every 100 
distilled were wasted. 

The lamp oil was conveyed to a 
tank or agitator where it was 
treated with sulfuric acid to elimi- 
nate impurities, Next it was washed, 
treated with a hot solution of caus- 
tic soda and drained off into set- 
tling tubs to allow the gaseous por- 
tions to evaporate. 

When the process was complete, 
the oil was barreled and ready for 
marketing, In spite of the strenuous 
objections of the people who made 
kerosene from coal and shale, the 
name kerosene was quickly adopted 
by the petroleum refiners for their 
main product. 

Five hundred thousand barrels 
of crude were produced in 1860 at 
an average price of $9.60 per bar- 
rel. The next year production 
jumped to over two million barrels, 
and the bottom dropped out of the 
market, That year the average price 
sank to 49 cents with some crude 
selling for as low as ten cents a bar- 
rel. There was too much crude 
without refining capacity to proc- 
ess it and no adequate transporta- 
tion facilities to get it to existing 
refineries or to the populous mar- 
keting areas. 

Although at the outset refining 
capacity was chiefly in the coal-oil 
refineries, it was not long before 
the petroleum industry began to 
erect its own refineries, The prin- 
cipal refining centers were: Pitts- 
burgh and other locations adjacent 
to production; Cleveland, whose 
access to lake transportation linked 
it by water to both the eastern and 
midwestern markets; and New 
York, Philadelphia, and Baltimore 
with their deep-water ports looking 
toward the markets of Europe. 

The transition from coal oil to 
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petroleum as the principal source 
of kerosene was rapid, The devel- 
opment of lubricating oils from pe- 
troleum came more slowly, how- 
ever, since product quality was 
limited by the technology of the 
day, and industry had to be con- 
vinced that the new lubricating oil 
was superior to those in use. Grad- 
ually, however, as oil men learned 
more about manufacturing lube 
oils, as quality improved, indus- 
tries, led by the railroads, began to 
accept petroleum lubricants as the 
answer to their lubrication prob- 
lems. 

By 1863, sixty-one refineries 
dotted the oil region of Pennsyl- 
vania with capacities varying from 
15 to 400 barrels per day, For more 
than forty years after the drilling of 
the Drake well, most of the refining 
was done in that vicinity, in Ohio, 
and along the Atlantic seaboard. 
Refiners continued to use the old 
methods. 


The Westward Movement 


At the turn of the century the oil 
industry began to develop in the 
west and southwest. It was on the 
Gulf Coast that the great Spindle- 
top oil field near Beaumont, Texas, 
was discovered in January 1901. 
Anthony F. Lucas, a former Aus- 
trian Navy Officer had set up his 
new rotary drilling rig, called 
“Spindletop” by the natives, on the 
Texas plains south of Beaumont. At 
a depth of 1020 feet the going had 
become difficult and the rig had 
been shut down. Length by length 
the drill pipe had been lifted from 
the hole so the worn bit could be 
replaced. The tools were being 
lowered again when, totally unex- 
pected, the world’s now best- 
known gusher came roaring in, 
sending a plume of oi] 200 feet into 
the air. The well appeared to be 
“good for 100,000 barrels a day” 
and literally spilled a lake of oil 
over the countryside before it could 
be brought under control, Thus 
was born Lucas No. 1—the well 
that established the state of Texas 
as a major oil source. 

Spindletop was the most spec- 
tacular oil discovery that had been 
made up to that time. From Spin- 
dletop on, the U.S, oil industry has 
grown rapidly and steadily until it 
has reached its present stature and 
importance to our nation’s econ- 
omy. Before Spindletop there was 
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Modern bubble-cap distillation towers. Compare these units with the batch stills of the 
early kerosene refiners. 


not enough oil to make our present 
machine age possible; after Spin- 
dletop, discoveries followed fre- 
quently and in sufficient volume to 
provide amply for an ever increas- 
ing number of machines and trans- 
portation vehicles. 


Industrial Giant 


From 1900 to 1930, the refining 
industry climbed from a modest 
position to become the fourth 
largest in the country, During that 
period it converted from a simple 
distillation procedure to a_ truly 
manufacturing one. This change- 
over was essential because of the 
growth of the automobile and the 
consequent demand for gasoline. 
Before the advent of the automo- 
bile. petroleum was refined in order 
to produce a fuel for lamps. This 
fuel was kerosene; when properly 
— it would burn on a wick 
mit not ignite by itself when in 
contact with a flame. Since the low- 
boiling constituents of petroleum 
were of little value there was al- 
ways the temptation to prepare a 
kerosene with such a high percen- 
tage of volatile components that it 
would ignite with a free flame and 
thus constitute a fire hazard, Laws 
were enacted limiting the gasoline 
content of kerosene. 

After the introduction of the mo- 
tor car, the situation was soon re- 
versed, Gasoline, not kerosene, was 
in great demand. By 1915 the 
United States was importing gaso- 
line to help meet domestic demand, 
which was about seven times as 
great as it had been in 1900. 


The petroleum chemist went to 
work to devise methods by which 
gasoline could be manufactured 
synthetically from heavy fractions 
of crude oil which otherwise could 
not be used as motor fuel. The an- 
swer was found in various thermal 
cracking processes, the first of 
which was introduced in 1913, It 
was discovered that at high temper- 
atures and pressures, hydrocarbons 
in the heavier fractions could be 
cracked into the lighter molecules 
which are constituents of gasoline. 


The Cracking Process 

Cracking is reported to have 
been discovered accidentally 
1861. A distillation in a 16-barrel 
still had been half completed, and 
the stillman had built a strong fire. 
The stillman intended to be away 
an hour but was unable to return 
until four hours later. He found 
that a light-colored distillate of a 
low specific gravity was being col- 
lected The specific gravity was 
even lower than that of the product 
before he left. Upon investigation, 
it was found that a heavy oil was 
condensing on cooler parts of the 
equipment and dropping back into 
parts of the still which were at a 
temperature sufficiently high to 
cause decomposition of the heavy 
oil into lower boiling products, 

In 1913 William Burton was 
granted a patent on his famous 
cracking process, The Standard Oil 
Company of Indiana was the first 
to use it, The early Burton cracking 
stills were horizontal tanks eight 
feet in diameter and twenty feet 
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long, made of %-inch mild steel, A 
heavy oil was charged to the drum 
which was coal fired. The oil was 
heated to a temperature of 750° F 
for about 48 hours. The pressure 
was maintained between 75 and 95 
pounds per square inch, The va- 
pors from the tank were condensed 
as product. After a run the tank 
was full of coke, produced by 
break down of the hydrocarbons. 
This coke was removed by men 
who entered the tank and dug it 
out by hand, A total of 1200 of 
these stills were in use as late as 
1928 but after this they were grad- 
ually replaced by modern cracking 
processes, 


Distillation Improvements 

While the various cracking proc- 
esses were being developed, im- 
provements were being made in 
methods of distillation, Continuous 
distillation processes for petroleum 
refining came into use around 1885. 
Shell-type stills were placed step- 
wise in batteries, and accom- 
modated 5000 barrels per day. 
Crude was pumped into the high- 
est still and the vapor from it was 
condensed into light gasoline. Then 
the residue would overflow into the 
second still and so on down the 
line, Various “cuts” or products 
were taken from each still, then 
redistilled to meet marketing 
standards, Redistilling operations 


Crude stills (background, right) and storage tanks at an early refinery near the first oil 
well at Titusville, Pennsylvania. When this picture was made in 1885, kerosene was the 
refinery’s principal product and gasoline was discarded. 


were conducted in the presence of 
steam to lower the boiling points 
of the material, 

The first major improvement on 
this method was made by Trumble, 
who introduced the pipe still, 
which allowed a tremendous in- 
crease in unit capacity, In 1915 the 
first Trumble distillation units were 
built at Shell’s Martinez and Coal- 
inga Refineries. The units, being 
unusually compact, represented 


Drilling techniques have come a long way since this picture was taken in 1919. Steel 
rigs have replaced wooden ones, and modern power units no longer need cumbersome 
steam boilers. 


38 


considerable reduction in the cost 
of refinery equipment, In addition 
they were able to make a sharper 
separation between kerosene and 
gasoline—an important develop- 
ment in an industry facing a war- 
time demand for gasoline. 

Later fractionating towers were 
mounted over steam stills and re- 
duced the expense of the redistil- 
lation process, Another significant 
technological advance was the bub- 
ble tower which aided in fraction- 
ation. 


Today distillation is only the 
starting point in petroleum refining. 
After the initial distillation of the 
crude, each fraction of “cut” is sub- 
jected to a number of processes 
such as cracking, alkylation, poly- 
merization, reforming, isomeriza- 
tion, hydrogenation, or solvent re- 
fining. Thermal cracking has been 
almost entirely replaced by cataly- 
tic cracking. ‘In addition to fuels 
and lubricants the petroleum indus- 
try is producing many organic 
chemicals from petroleum and na- 
tural gas which are sold to the 
chemical industry as raw materials. 
Today's petroleum refinery is a far 
cry from the simple batch stills of 
the coal-oil refiners, From the be- 
ginning, the petroleum industry has 
been the working partner of ma- 
chine progress, especially the prog- 
ress symbolized by the automobile. 
There is eve ry reason to believe 
that it will continue to be so. 
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MECHANICAL ENGINEERS 
CLASS OF 1957 


1. Robert F. Michel; 2. Robert E. Hoogstoel; 3. Jerold H. Krieger; 4. Herman Van Lockeren; 5. Michael A. Cornman; 6. Henry K. Strunk; 7. eT J. 
Dyer; 8. Harold F. Grunert, Jr.; 9. William S, Giles; 10, John P. McHargue; 11. James R. Wilhelm; /2. Goong J. Clessuras; 15. Robert L. Winship; 
14, Robert A. Hutchins; 15. Robert E. Browning; 16. Jon A. Lindseth; 17. Nathan P. Schiff; 18. Chris N. Cuddeback; 19. David EF. Brown; oe John 

fill; 27. 


E. Gill; 21. Robert W. Borland: 22. Gerald K. Flagg; 23. Robert G. Fenton; 24. Norman A. Ross; 25. Stanley VY. Intihar; 26. Gregory A 
31, Willard C, King, Jr; 32. Donald J. Edwards; 


Jr.; 39. Towson J. Smith; 40. Bernard Rosenberg; 41. James Nesmith III; 42. John C. Pierce; 43, Richard T, Plummer Il; 44. George P. 

45. David G. Pyle; 46. Howard Nelson; 47. William L. Maxwell; 48. James Thompson Brown, Jr.; 49. Harry B, Lipton; 50. George C. 

Michael L. Greenberg; 52. Richard H. Alweil; 53. Donald B. Malcolm; 54. Ernest T. Selig Ul; 55. Robert E. Manelski; 56, John V, 

57. Charles P. Fletcher; 58. Jack K. Warren; 59. Bion W. McClellan; 60. Robert H. Noble; 61. David E. Mott; 62, David L. Grumman; 63. Hanokh 
Shekhter; 64. John P. Auten; 65, Roderick D. deRonge; 66. Edward K. Barnard; 67. Robert W. Howard; 68. William W. Jemison, Jr; 69. Robert R. 


Raber, Jr. 


ENZES 


Manufacturers of Super-Refractories Only 


REFRACTORY CRUCIBLES 
GRAPHITE CRUCIBLES 
HIGH-TEMPERATURE CEMENTS 
SPECIAL REFRACTORY BRICK, TILE, SHAPES 


From the Following Materials:— 
GRAPHITE ——— SILICON CARBIDE FUSED ALUMINA ——— MULLITE 
MAGNESIA ZIRCON 


LAVA CRUCIBLE-REFRACTORIES CO. 
PITTSBURGH, PA. 
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Schlieren photographs, above and left, illus- 
trate different phases of airflow investigation. 
Development of inlets, compressors and tur- 
bines requires many such studies in cascade 
test rigs, subsonic or supersonic wind tunnels. 


Although each successive chapter in 
the history of aircraft engines has as- 
signed new and greater importance 
to the problems of aerodynamics, 
perhaps the most significant de- 
velopments came with the dawn of 
the jet age. Today, aerodynamics 
is one of the primary factors in- 
fluencing design and performance of 
an aircraft powerplant. It follows, 
then, that Pratt & Whitney Aircraft 
— world’s foremost designer and 
builder of aircraft engines — is as 
active in the broad field of aero- 
dynamics as any such company 
could be. 


Although the work is demanding, 
by its very nature it offers virtually 
unlimited opportunity for the aero- 
dynamicist at P & W A. He deals 
with airflow conditions in the en- 


in the field of Aerodynamics 


gine inlet, compressor, burner, tur- 
bine and afterburner. From both the 
theoretical and applied viewpoints, 
he is engrossed in the problems of 
perfect, viscous and compressible 
flow. Problems concerning boundary 
layers, diffusion, transonic flow, 
shock waves, jet and wake phenom- 
ena, airfoil theory, flutter and 
stall propagation — all must be at- 
tacked through profound theoretical 
and detailed experimental processes. 
Adding further to the challenge and 
complexity of these assignments at 
P & W A is this fact: the engines 
developed must ultimately perform 
in varieties of aircraft ranging from 
supersonic fighters to intercontinen- 
tal bombers and transports, func- 
tioning throughout a wide range of 
operational conditions for each type. 


Moreover, since every aircraft is 
literally designed around a power- 
plant, the aerodynamicist must con- 
tinually project his thinking in such 
a way as to anticipate the timely 
application of tomorrow’s engines to 
tomorrow's airframes. At his service 
are one of industry’s foremost com- 
puting laboratories and the finest 
experimental facilities. 


Aerodynamics, of course, is only 
one part of a broadly diversified en- 
gineering program at Pratt & Whit- 
ney Aircraft. That program — with 
other far-reaching activities in the 
fields of instrumentation, combus- 
tion, materials problems and me- 
chanical design — spells out a 
gratifying future for many of to- 
day’s engineering students. 


Modern electronic computers accelerate both the analy- 
sis and the solution of aerodynamic problems. Some of 
these problems include studies of airplane performance 
which permit evaluation of engine-to-airframe applications, 


Design of a multi-stage, axial-flow compressor 
involves some of the most complex probiems in 
the entire field of aerudynamics. Tne work of 
aerodynamicists ultimately determines those aspects 


of blade and total rotor design that are crucial. 


Mounting a compressor in a special high-altitude test 
chamber in P & W A’s Wiligoos Turbine Laboratory per- 
mits study of a variety of performance problems that 
may be encountered during iater development stages. 


CONNECTICUT 


World’s foremost designer and builder of aircraft engines 


PRATT & WHITNEY AIRCRAFT 


Division of United Aircraft Corporation 
EAST HARTFORD 8, 
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PORTER THOMPSON, Assistant Chief Engineer, Refinery Division 


MECHANICAL ENGINEERING 


One of a series of interviews in which 


Bechtel Corporation executives discuss 


career opportunities for college men. 


Question: Mr. Thompson, some en- 
gineering graduates seem to believe 
their first jobs might include little 
more than filing papers. Would that 
be true at Bechtel? 


THOMPSON: It would not. When the 
young man joins the Refinery Divi- 
sion, if he is a structural engineer he 
starts immediately to do structural de- 
sign work, under proper supervision. 
An electrical engineer would join our 
electrical group, working on electri- 
cal systems for refineries, doing some 
design work, taking off materials and 
working on instrumentation. 


QuesTION: What about mechanical 
engineers? 


THOMPSON: Mechanical and chemi- 
cal engineers may either go right into 
the process department, where they 
would do calculations, or into the 
project group where they would do 
routine designing and write specifica- 
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tions for pumps, exchangers, vessels, 
piping, instrumentation, insulation, 
etc. 


QUESTION: There’s certainly no sign 
of “paper shuffling,” is there? 


THOMPSON: No. The training period 
is interesting right from the start. 
After a few months, we like to send 
the young engineer out into the field 
so he can see the end result of what 
he has been doing. 


QuesTION: What has been your 
experience as to the length of time 
required to train a man? 


THOMPSON: That will vary according 
to the man, so it’s impossible to gen- 
eralize. The young man will have 
some responsibility right from the 
start, but it may well be a matter of 
several years before he can actually 
take full responsibility for running 
a job. 


QUESTION: Assuming he handles his 
first assignments satisfactorily, what 
would be his first major step upward? 


THOMPSON: After from 6 to 9 months 
his first responsible assignment might 
be on a project in connection with 
handling pumps. On his next project 
assignment he might have the re- 
sponsibility for handling pumps and 
exchangers. He would likely be 
assigned some other responsibility on 
each succeeding project. In that way 
he would get a good grasp of all types 
of work and eventually be capable 
of taking overall charge of a project. 


QUESTION: Suppose he is in the 
structural phase; would there be any 
difference in his “basic training” ? 


THOMPSON: No. He would still have 
to serve his apprenticeship, moving 
gradually into more and more com- 
plex design work as he gains, a little 
at a time, the knowledge and experi- 
ence which qualify him to handle the 
overall job. 


Bechtel Corporation (and its Bechtel 
foreign subsidiaries) designs, engineers 
and constructs petroleum refineries, 
petrochemical and chemical plants; 
thermal, hydro and nuclear electric 
generating plants; pipelines for oil and 
natural gas transmission. Its large and 
diversified engineering organization 
offers opportunities for careers in many 
branches and specialties of engineering 
— Mechanical...Electrical...Structural 
..-Chemical ... Hydraulic. 


Write for new brochures showing the 
wide variety of projects Bechtel builds 
throughout the world. 


Address: John F. O'Connell, 
Vice President, Industrial Relations 


220 Bush Street, San Francisco 4, Calif. 


BECHTEL 
CORPORATION 


SAN FRANCISCO 
Los Angeles * New York + Houston 
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YOUR BEARING NOTEBOOK 


How to keep a 
portable airport rolling 


This portable semi-trailer is used to haul and 
launch jet fighters and missiles. One problem 
engineers faced in designing it was making sure 
the wheels and axles could take the heavy radial 
and thrust loads. That's why they ended up spe- 
cifying Timken® tapered roller bearings. 


O 


Tapered design lets 
Timken’ bearings take both 


Because of their tapered design, Timken bearings can take 
radial or thrust loads or any combination. And because 


the load is carried along a 


full line of contact between 


rollers and races, Timken bearings have extra load- 


carrying capacity. And they 


practically eliminate friction, 


Want to learn more about bearings 
or job opportunities? 


Some of the engineering problems 
you'll face after graduation will in- 
volve bearing applications. For help 
in learning more about bearings, write 
for the 270-page General Informa- 
tion Manual on Timken bearings. 


And for information about the 
excellent job opportunities at the 
Timken Company, write for a copy of 
“Career Opportunities at the Timken 
Company’’. The Timken Roller 
Bearing Company, Canton 6, Ohio. 


TIMKEN 


TRADE-MARK REG. U. 6. PAT. OFF. 


TAPERED ROLLER BEARINGS 


NOT JUST A BALL © NOT JUST A ROLLER C—> THE TIMKEN TAPERED ROLLER o> 


BEARING TAKES RADIAL @) AND THRUST ~~ LOADS OR ANY COMBINATION 3 
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EQUIPMENT 


MANUFACTURING 


ALLIS-CHALMERS 


... where you can design, build, 


research or sell products like these 


»».and grow with 3 growth industries 


POWER 


rah. 


You can grow faster in a company that supplies the 
basic needs of growth! Power, construction and 
manufacturing must grow to supply the needs of our 
population which is increasing at the rate of 50,000 
per week. Allis-Chalmers is a major supplier of 
equipment in these basic industries. 


But there’s another factor of equal importance: 
Allis-Chalmers Graduate Training Course offers un- 
usual opportunities for the young engineer to: 


e Find the type of work he likes best 
e Develop engineering skill 
e Choose from a wide range of career possibilities 


Allis-Chalmers graduate training course has been 
a model for industry since 1904. You have access 


ALLIS- CHALMERS 
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Transformers of all Types 


Opportunities 
in these fields 


Thermodynamics 


System Analysis 
(Electrical and 
Mechanical) 


Stress Analysis 

Hydraulics 

Electronics 

Process Engineering 
Mechanical Design 
Structural Design 
Metallurgy 

Nucleonics 

High Voltage Phenomenon 


Fluid Dynamics 
Basic Research 


Analog and Digital Computers 


to many fields of engineering: electric power, hy- 
draulics, atomic energy, ore processing. 


There are many kinds of work to try: design 
engineering, application, research, manufacturing, 
sales. Over 90 training stations are available, with 
expert guidance when you want it. Your future is 
as big as your ability can make it. 


Or, if you have decided your field of interest and 
are well qualified, opportunities exist for direct as- 
signments on our engineering staff. 


In any case—learn more about Allis-Chalmers. 
Ask the A-C manager in your territory, or write 
Allis-Chalmers, Graduate Training Section, Mil- 
waukee 1, Wisconsin. 
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Birds 


O 


Extinction 


Grumman’s homing “‘birds’’ become 
violently extinct when they reach home in 
the proximity of an enemy aircraft, poor 
thing. If you're a “bird” hatching type, 
Grumman’s Missile Department may be 
just the incubator you need. 

If your distinction is otherwise, Grumman 
projects include high Mach jets, STOL’s 
and VTOL’s, and hydrofoil amphibians 
and boats. You name it, we’ll talk. 

Write Mr. A. T. Wilder, 

Engineering Personnel Director. 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
BETHPAGE - LONG ISLAND » NEW YORK 


Designers and builders of the supersonic FI11F-1 Tiger, transonic F9F-8 Cougar jet fighter, 
FOF-8T Cougar fighter-trainer, F9F-8P Cougar photo-reconnaissance, S2F anti-submarine 
Tracker, SA-16 Albatross rescue amphibian, metal boats, and Aerobilt Truck Bodies. 
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MACHINES THAT ARE HUMAN 


Science fiction writers are con- 
tinually intrigued with the possi- 
bility of duplicating, by electro- 
mechanical means, human actions. 
Although “Robby” the robot in the 
recent movie, “Forbidden Planet”, 
won no academy award, he exhib- 
ited amazingly human characteris- 
tics. However, this idea does not 
belong solely to the realm of sci- 
ence fiction, Actual attempts to 
construct these human counterparts 
have met with varying degrees of 
success; the more notable of these 
“animals” will be discussed here. 

Since his primitive beginning 
man has been concerned with 
images. The images of the cave 
man, crudely sketched on cave 
walls, effigies of offending  tribes- 
men into which pins were (and 
still are) hopefully stuck, the fig- 
urehead constantly surveying the 
horizon from the prow of : i ship, 
the revered idols of pagan wor- 
shippers, the clockwork automata 


by 
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of Swiss watchmakers aptly illus- 
trate man’s varying interest for the 
making of images. When the con- 
cept of feedback was discovered, 
man learned to turn his toys to 
tools in the form of self-regulating 
devices. And the introduction of 
the vacuum tube made possible the 
imitation of a reflex circuit. 
Duplication of external form and 
behavior in a stereotyped manner 
characterized initial attempts to im- 
itate life. The mechanical villages 
at the State Fair, the nimble Santa 
Claus and all his helpers industri- 
ously performing the same motions 
over and over in the department 
store window are far removed from 
scientific imitations of life. 


Theseus 

The mechanical mouse, Theseus, 
built by Claude Shannon of Bell 
Laboratories, reveals a remarkable 
memory. Once the mouse has 
learned, by trial-and-error, to find 
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Two tortoises with lights oscillate back and forth until they retreat from each other. 
The lights flicker as the steering motor of each is turned on and off. 
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his way out of the maze, he can 
repeat the performance with no 
mistakes, But, unlike a real mouse, 
his behavior is restricted and al- 
ways predictable. 

You can't beat the tic-tac-toe 
machine constructed by guided- 
missiles engineer Edward McCor- 
mick, another example of the abil- 
ity of a machine to “think”. But 
again, the thinking is stereotyped 
and _ predictable. 

For a model to be a reasonable 
imitation of cerebral activity, it 
must copy not looks, but action. 
Stimulus-response situations must 
be similar to those of a real animal. 
This would require the model to 
exhibit some or all of the qualities 
of association of ideas, learning, 
forgetting, frustration, goal orienta- 
tion, homeostasis, intelligence, lo- 
comotion, memory, perception, self- 
recognition, free-will in the sense 
of unpredictability, choice, and be- 
havior resulting from drive states 
(such as hunger and exploratory 
drives ). 

This rules out the unlifelike cre- 
ations mentioned thus far, for none 
adequately represent the human 
manifestations of the above quali- 
ties. Even Theseus is very unlike 
a real mouse, for while he does 
have a memory, it is a machine 
memory which doesn't forget, needs 
no reinforcement, and learns on the 
first trial. Human memory is fall- 
ible, variable and reinforceable in 
subtle ways. 

This also eliminates the modern 
“giant brains”, digital and analog 
computers, with all their myriad 
programming combinations. 

Variety of programming can not 
endow a machine with true life-like 
qualities. 


Ashby’s Homeostat 


What, then, does this leave us? 
Strangely, fewer than half a dozen 
machines have been built which 
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really can claim to mimic life, or, at 
most, a few aspects of life, One of 
these is Ashby’s homeostat, As is 
implied by the name, this is es- 
sentially a self-regulating machine 
employing negative feedback, in 
fact, it is all feedback. It consists 
of four units; four magnets, one on 
top of each unit, represent the main 
variables. Any displacement of one 
or more of the magnets causes the 
machine to pick the correct circuit 
out of 390,625 possible circuit com- 
binations to bring the machine 
back to a state of dynamic internal 
stability. The homeostat is impres- 
sively unpredict table in that it is im- 
possible to tell which circuit is ac- 
tivated without “killing” the ma- 
chine and tracing out the wires to 
the relays. The device could be 
likened to a dog or cat which com- 
fortably curls up beside the fire- 
place to nap, only moving to a 
more comfortable spot when it is 
kicked. But unlike an animal, all 
it does is “sleep” and seek the 
most “comfortable” position. Thus, 
it has a predestined end, but an 
unpredictable way of reaching it. 


Timothy Turtle 


Another creature, a more lifelike 
image, is Timothy, a robot elec- 
tronic turtle created by Jack Ku- 
banoff. Timothy was originally built 
as a child’s toy, but nevertheless he 
exhibits several “human” properties: 
he sees with his photo-cell eyes, in- 
terprets information in the form of 
a pulsating light, follows instruc- 
tions, thinks (insofar as he can 
choose between different types of 
light information), searches for 
food, memorizes and learns. 

When Timothy is in a drive state 
of “hunger”, he will search for food, 
in the form of a light flashing at a 
certain rate, and he will turn away 
from any other kind of light infor- 
mation. If the rate of flashing 
changes he will learn the new word 
for food. Removal of the flashing 
light does not deter him from his 
course, for he can remember the 
location of the light before it was 
extinguished, When he reaches the 
source of “food” he will “eat” (his 
capacitors will charge) enough for 
one-half hour of playing time. Now 
he will follow a steady light, the 
“play” signal, for a period deter- 
mined by the discharge time of a 
capacitor circuit. During this time 
he will ignore food and will mem- 
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Two tortoises without lights head toward a single light in a jostling manner. When 
their shells come into contact they briefly back away from each other. 


orize the position of the “play” light 
if it is hidden from him. 

Timothy has two memories—one 
remembers one word at a time per- 
manently (the code word for food ) 
and the other remembers position 
temporarily. Like human memories, 
both require repetition to learn. 
His permanent memory will re- 
member over a long time even with 
short, rare activation periods and 
long deactivation periods, How- 
ever, the turtle will become con- 
fused if the code word is changed 
faster than he can learn. The paral- 
lels between Timothy's learning the 
word for food and the animal learn- 
ing process are obvious. 


Machina Speculatrix 

electro-mechanical creature 
which is considerably simpler than 
Timothy and which responds more 
nearly to stimuli as they actually 
exist in the physical world is the 
creation of a famed British physiol- 
ogist, W. Grey Walter. His crea- 
tion, Machina Speculatrix, is a 
three-wheeled animal that responds 
to light and touch, This is accom- 
plished through two nerve cells con- 
sisting of two small electric motors, 
two relays, two capacitors, two re- 
sistors, two miniature tubes and 
two batteries. The nerve cells, or 
“sense reflexes”, are activated by 
two “receptors” consisting of a 
photoelectric cell for an eye and a 


shell contact switch for a touch 
receptor, 

This “receptor-effector” circuit is 
capable of imitating many of the 
basic modes of behavior of simple 
living creatures. Unlike Ashby’s 
homeostat, M. Speculatrix is con- 
tinually exploring his environment, 
except when “feeding”. It scurries 
around in small sweeping curves 
and will investigate several hun- 
dred square feet of ground in an 
hour. 

The one positive tropism exhib- 
ited by M. Speculatrix is an affinity 
for light of moderate intensity, His 
photo-cell, amplifier and motors are 
connected so that exploratory be- 
havior ceases whep an adequate 
light signal is seen, and the animal 
heads for the light. Avoiding the 
fate of the moth that burns to death 
in the candle flame, M. Speculatrix 
exhibits a negative tropism for very 
bright light. Steep gradients and 
material objects are repellant to the 
device, also, 

Whenever a material object is 
met, M. Speculatrix adopts two 
forms of escape almost simultan- 
cously, When he bumps into some- 
thing, closing the contact switch 
attached to his turtle-like shell, his 
photo-amplifier is converted to an 
oscillator, This causes the animal to 
alternately push and withdraw. 
Thus, if the object is small, it will 
be pushed out of the way; if it is 
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large, M. Speculatrix will go around 
it. If the machine is moving to- 
ward a light and runs into an ob- 
stacle, the light is temporarily “for- 
gotten” and no longer attracts the 
animal. A brief “memory” of the 
obstacle causes the machine to ig- 
nore the light for a few seconds 
after withdrawal from the obstacle. 

Inside the machine’s “hutch” is a 
light of moderate intensity, which, 
of course, acts as a positive stimu- 
lus. If the animal, in the course of 
its wanderings, is led to the 
“hutch”, a repelling circuit at the 
threshold causes the animal to re- 
treat if its batteries are fully 
charged, However, if the batteries 
require charging, “moderation gives 
place to appetite” and the animal 
enters its quarters, There, contacts 
on the shell and hutch engage 
and the battery charging circuit 
automatically closes, When the bat- 
teries are fully charged, the charg- 
ing current falls and the internal 
mechanism becomes operative, Its 
hunger satisfied, M. Speculatrix 
once more sallies forth for more 
adventure, 

By now the reader may well ask, 
“What would be involved in add- 
ing another sense modality? M. 
Speculatrix seems unable to learn 


i. 


anything. Could we not add an- 
other sense so that the new ma- 
chine could be conditioned, or 
taught?” The answer is not so sim- 
ple, for, although Dr. Walter has 
constructed such a machine, its ca- 
pacity to learn involves much more 
than simply adding another sense. 


Applying The Learning Process 


Consider for a moment Pavlov’s 
classical experiment in condition- 
ing. Food, the unconditioned ade- 
quate stimulus for salivation, was 
presented to a dog just following 
the ringing of a bell, a neutral stim- 
ulus, After repeating this proce- 
dure many times, some connection 
between the bell and salivation was 
established so that subsequent ring- 
ing of the bell elicited salivation 
without presentation of food. Thus, 
the bell became a conditioned stim- 
ulus for salivation, This can be 
represented by: 


Bell | 
Food 


Dr, Walter's job was to design 
a Conditioned Reflex Analog which 
would duplicate, in effect, Pavlov’s 
results. The problem is illustrated 
in Figure 1. The unconditioned 
stimulus, U.S., elicits the specific 


Salivation 


Moderation gives place to appetite as Speculatrix finds her way home. 


response, R,, by means of the re- 
flex circuit, R,. The stimulus to be 
conditioned, C, S., may elicit a neu- 
tral response, R,, (such as pricking 
of the ears, in Pavlov’s experiment ) 
through R.. During conditioning, 
some link is established through the 
Black Box of learning, X, such that 
the presentation of the conditioned 
stimulus will eventually result in 
the specific response, but not neces- 
sarily the neutral response. Our 
problem is, what is in the Learning 
Box between the two reflexes? 

Dr. Walter's experiments finally 
reduced the electronic learning 
process to seven steps. Here is what 
the black box accomplishes; (Num- 
bers correspond to the numbered 
sections in Figure 2 which carry 
out the appropriate actions. ) 

(1). Synaptic transmission 
curs for a neutral stimulus of suf- 
ficient strength and is “remem- 
bered” or stretched out. This is 
done so that the stimulus will have 
a prolonged effect, lasting at least 
to the presentation of food. 

(2). Synaptic transmission oc- 
curs only at the presentation of the 
adequate stimulus, food, This en- 
sures that a neutral stimulus which 
might occur during dinner would 


THE CORNELL ENGINEER 


| 
: 
> : . 


not become a conditioned stimulus 
to mean dinner. 

(3). To determine if the two 
stimuli are significantly related, 
the signals from (1) and (2) are 
mixed, i.e., their areas are added, at 
the neurone. 

(4). If they are related, they 
will overlap (electrically), and the 
area of coincidence must be added 
to the area of coincidence from the 
last similar conditioning trial. 

(5). If the conditioning trials 
have been sufficient in number, and 
if the neutral and adequate stimuli 
were sufficiently closely related in 
time, the added areas of coinci- 
dence will become great enough to 
trigger a neurone. This triggering 
occurs only when (4) reaches a 
specified threshold. This threshold 
is determined by a statistical analy- 
sis of the conditioning process. 
More modern conditioning theories 
would necessitate a sort of roulette 
wheel for the device at (4), but the 
simpler method of using a capa- 
citor to sum the overlapping areas 
of the mixed signals is a close ap- 
proximation. 

(6). The trigger pulse from (5) 
causes the closed circuit to oscil- 
late. This serves as a memory for 
the animal, but unless the condi- 
tioning is reinforced the oscilla- 
tions will slowly die out and the 
animal will forget the areas of co- 
incidence after a time. 

(7). A mixing neurone  dis- 
charges only when signals from (6) 
and the C.S, are present. Thus, 
when conditioning is complete, 
presentation of the conditioned 
stimulus will elicit the specific re- 
sponse. An inhibitor, (8), blocks 
the action of the neutral response. 


Machina Docilis 
All this in the Black Box! The ad- 


dition of another sense has indeed 
complicated matters, but a new, 
vastly more interesting animal 
emerges, Machina Docilis, the 
easily taught machine. Actually, M. 
Docilis is the result of grafting 
CORA, the Conditioned Reflex An- 
alog, onto M, Speculatrix. A sound 
sensitive circuit was also added. 
Our new animal can be condi- 
tioned to come to the sound of a 
whistle. Remembering that M. 
Speculatrix would respond to a 
light of medium intensity, the fol- 
lowing process can take place: 
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Fig. 2: Contents of the black box of warning. 


Light 
Whistle 


That is, “whistle-means-light, so 
come”, Just like a real animal, if 
this is not reinforced occasionally, 
the response will eventually die 
out. 


Come” 


Sound can also be made to mean 
trouble. CORA was connected to 
the obstacle-avoiding device in M. 
Speculatrix. Consider, then: 


Whistle | 

Kick 
That is, the whistle was blown 
and then the animal was kicked. 
Eventually it learned that “whistle- 
means-obstacle” and it would back 
away from an imagined object on 
hearing the whistle. At this point 
an unexpected confirmation of ac- 
tual animal behavior occurred. 
Speculatrix ignores lights when 
dodging obstacles. This is accom- 
plished by an internal feedback cir- 
cuit, and this feedback serves to 
reinforce the above conditioning 
process in M. Docilis, Thus, the 
defensive reflex does not require 


Back away” 


any reinforcement, just as in real 
animals. 

A nightmarishly real situation 
can come about with the addition 
of another Learning Box (so that 
all three senses, light, touch and 
sound, may be utilized ) and an ex- 
tra inhibitory circuit which causes 
the animal to freeze to sound, The 
animal can be taught that 1) sound. 
means-light, so go to sound, 2) 
light-means-sound, so freeze to 
light, and, 3) touch-means-sound, 
so freeze when touched, 

Now, if, while we establish the 
first, or sound-means-light response 
and then kick the animal while it 
is moving, it eventually learns that 
“touch-means-sound, so freeze”. 
But this response is directly op- 
posed to the first process. The re- 
sult? The animal shivers in a neu- 
rotic palsy, unable to move wheth- 
er kicked, whistled at, or tempted 
with light. Its hutch no longer at- 
tracts it, so it starves in a neurotic 
depression. And the only sure cure 
is the dissection of the animal's 
circuits, 

(Continued on Page 64) 


Ra 


Fig. 1: Block diagram of Cora, a conditioned reflex analog. 
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“Take my advice... 


“Before I left school I just didn’t know where to look 
for a job in engineering that offered the greatest 
opportunity. First of all I wanted to make sure of 
getting into an industry that wasn't overcrowded... 
where I wouldn't be lost. 

“Also, | wanted to hook up with a firm that had 
pioneered in its field, yet was young enough to go 
places and take me along with it. And, I wanted to be 
certain that salary would be right and there'd be a 
good chance of lasting security for my family. 

“After looking around, I decided to get into the 
aircraft industry because of the bright future it 
offered. That's particularly true now with the devel- 
opment of supersonic aircraft and missiles. To my 
way of thinking there's no greater opportunity in 
enginecring anywhere! 

“So take my advice... your best bet is in the air- 
craft industry where you can build a real career for 
yourself and have something worth-while to show for 
it the rest of your life.’ 


{ 


| n choosing an engineering career, there is particular 
satisfaction in being with a recognized leader At 
Northrop Aircraft, you will be with a forefront éom: 
pany that for more than seventeen years ha’ pio- 
necred in the development of entire weapon syste 
manned and pilotless aircraft, all of them distincti 
contributions to our aerial supremacy. 

Northrop ingenuity is continually applied on new 
and revolutionary programs. Significant advances ate 
being made in the important field of boundary layer 
control. Northrop is also world pioneer in the devel-~ 
opment of the first operational inertial and celestial 
guidance systems, Other vital projects include North- 
rop’s new supersonic jet trainer plane, the T-38, and 
the Snark SM-62, first intercontinental guided mis- 
sile for the Strategic Air Command of the U.S.A.F. 

At Northrop, your capabilities and accomplish- 
ments will be reviewed regularly for higher rating. 
On the financial side, you'll find the salary right, plus 
many company-paid benefits for extra security for 
yourself and family. And if you wish to continue your 
engineering studies, Northrop’s cooperative educa- 
tional program is available to you. 

Northrop’s great new air-conditioned engineering 
center at Hawthorne, California, offers the latest in 
scientific equipment and comfortable working con- 
ditions. There you'll be among top engineers and 
scientists with whom you'll be proud to work. .. bril- 
liant men who will be ready and willing to help you. 

Write now and ask us questions as they apply to 
your engineering objectives. Tell us your ambitions 
...we believe we can relate them to opportunities at 
Northrop. Address Manager of Engineering Indus- 
trial Relations, Northrop Aircraft, Inc., 1019 East { 


Broadway, Hawthorne, California, wae 


NORTHROP 


NORTHROP AIRCRAFT, INC,, HAWTHORNE, CALIFORNIA 
Builders of the First Intercontinental Guided Missile 
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FOR YOUR INFORMATION 


> ball-point inks 


> odor control 


> biological grade chemicals 


Ball-point inks 


If you drew a continuous, un- 
broken line with a ball-point pen 
until its ink supply was exhausted, 
the line would be two to three 
miles long. Enough to write 50,000 
to 70,000 words, compared with 
the 2,500 to 4,000 words you get 
from the same amount of fountain 
pen ink, 


Because you would be exhausted 
long before your ink supply, a me- 
chanical secriber—which produces 
those mysterious zig-zag lines 
above—is used to test hundreds of 
ball-point ink formulations. 

The amazing number of words 
coming from a ball-point pen has 
enabled ball-points to roll past 
both fountain pens and mechanical 
pencils to become the most com- 
monly used writing instruments 
today. 

This would not be so if the ball- 
point pen remained unchanged, 
still staining, skipping, smearing, 
drying up. A better mechanical 
tool was needed to start with. 

Once accomplished, the ink be- 
came the most important element, 
and synthetic organic chemists 
turned to the key eclement—the 
colorant--which is half of the en- 
tire ink formulation. 

Early ball-point inks were made 
with the same dyes used for years 
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in fluid inks. But ball-points have 
different ink requirements: good 
flow properties, lubricity, solubil- 
ity, storage stability and—most 
important—an_ exceptionally 
high concentration of dye. Tine- 
torial value must be twenty times 
that of a fluid ink. 

From research has comea special 
line of NATIONAL dyes, tailor-made 
for ball-point inks. Research on 
both pen and ink has enabled the 
ball-point to supplant in 15 years 
the pointed pen, in use for 13 cen- 
turies, 


Odor control 


Odor control presents an ingen- 
ious twist on the old question of 
whether there is any sound when 
a tree falls in a deserted forest. 

We have always had odor-caus- 
ing sites. But today, with industry 
expanding and our suburban com- 
munities moving further into the 
country, these odors become a seri- 
ous problem. Some sources of this 
problem are sewage plants, land- 
fill garbage, drainage ditches, 
storm sewers and market area 
streets. 

Sotvay Ozene (emulsifiable or- 
thodichlorobenzene) is becoming 
widely used in industrial odor 
control situations, for dripping in- 


Nationa, Sorvay, Ozene and Baker & 
are Allied Chemical trademark 


to sewage or spraying on garbage 
and other odor sources. 

OzENE works on odors these 
ways: its own odor serves as a 
masking agent; it slows down the 
production of bacteria which cause 
sulfide odors: it prevents the 
growth of fungi which speed the 
decomposition of waste materials. 

A dark-colored liquid, OzENE 
mixes readily with water and can 
be substantially diluted for eco- 
nomical use. 


Biological grade chemicals 
Preparing balanced salt solutions 
for the growth of cultures is typi- 
cal of the stringent needs of bio 
chemists for extremely high-purity 
chemicals, products which have 
been purified even beyond the unt 
versally recognized American 
Chemical Society quality stand- 
ards for analytical reagents. 

Three such “reagent plus” com- 
pounds have been added to BAKER 
& Apamson’s line of 1,000 labora- 
tory reagents. These initial chem- 
icals—sodium bicarbonate, sodium 
chloride and potassium chloride 
show very minute trace impurities, 
materially lower than in similar 
chemicals produced to A. C. S. 
specifications. 

They are the first in a proposed 
line of biological grade chemicals 
made especially for such import- 
ant scientific applications. 


Creative Research 


These examples of product de- 
velopment work are illustrative 
of some of Allied Chemical’s 
research activities and oppor- 
tunities. Allied divisions offer 
rewarding carcers in many dif- 
ferent areas of chemical research 


and development. 


ALLIED CHEMICAL 
61 Broadway, New York 6, N.Y. 
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...on economy in national defense 


“The widespread belief that there is an inherent conflict 
of interest between those who put national security first 
on the one hand and the taxpayer and his cost-conscious 
representatives on the other is simply erroneous —~ except 
when the level of the national security budget is at issue. 
Once the budget level has been fixed, the choice of 
weapons which maximizes our military capability is logi- 


cally equivalent to the choice which minimizes the cost 
of attaining that capability. Moreover, the weapon 
characteristics so chosen are typically similar at different 
budget levels. In these circumstances economy and mili- 
tary effectiveness are not opposing objectives to be com- 
promised; they are different but equivalent aspects of the 
same national objective.” 


Charles Hitch, Head of the Economics Division 


THE RAND CORPORATION sAnTA MONICA, CALIFORNIA 


A nonprofit organization engaged in research on problems related to national security and the public interest 
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FOLLOW THE LEAD OF DON CARTER, E.E., CLASS OF ‘54 


Engineering Career Dallas 


Don helps Chance Vought designers create producible, easy-to-maintain 
electronic gear for products like this Regulus Il surface-to-surface missile. 


ITS AN OLD VOUGHT CUSTOM, helping young engi- 
neers. Our symposiums on creative thinking and expert 
career counseling have started some spectacular careers. And 
there’s longstanding agreement in bachelor circles that 
Dallas is a good place to live. For details about living and 
advancing in Dallas, write to: 


Mr. C. A. Besto, Supervisor 
Engineering Personnel Dept. CM-2 


CHANCE 
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TALK SHOP OR SPORTS CARS to Don Carter, and you'll 
find his keenest interests. At Chance Vought, in Dallas, Don 

keeps up with both subjects. He's living while he's building his 
professional career. Fun, to Don, means sports car races at 

nearby Eagle Mountain Lake, or a splash in his swank apart- 
ment pool. Fun means career, too, because Vought helped 

Don find a field he thoroughly enjoys exploring new applic a- 
tions for human engineering in the design of complex elec 

tronic gear. Here, Don's electronics training comes in handy, 
and so would a good grasp of psychology. So Don's working 

toward an M.A. in Psychology, and Chance Vought's helping 
with tuition. 


Part of Don’s assignment is to simplify instrument arrangement in super - 
sonic fighter cockpits. Here he and a Vought psychologist study a 
problem in human engineering. 


OUGHT AIRCRAFT 


INCOM PORATED: 


53 


‘ Ads: 
4 
_ 
4 % ¥ 4 
¥ 
a 
v~ 


WHY MAGNETIC TAPE 
RECORDINGS? 


In this period of the awakening 
to hi-fidelity it is rather strange that 
magnetic recording has not really 
come into its own, Tape recording, 
in particular, has a number of out- 
standing advantages over other 
conventional forms of sound re- 
cording. 


Slow Recognition 

The consumer's rather slow ac- 
ceptance of magnetic recording 
can be traced to several historical 
events, Since magnetic recording 
requires the use of electronic am- 
plifiers which were not available 
until 1906, the phonograph, devel- 
oped a quarter of a century before, 
had quite a head start on magnetic 
recording. Then too, it was only re- 
cently that adequate recording 
media became available, Wire re- 
cording using steel wire had dis- 
advantages which were never en- 
tirely overcome, As soon as meth- 


by 
Gerald F. Dulin, EE °57 


ods were discovered to produce a 
exible, strong tape having a coat- 
ing of uniform magnetic particle 
size the tape recorder crowded the 
wire recorder out of the competi- 
tive market. 

Another deterrent to the develop- 
ment of magnetic recording is the 
fact that suitable tape handling 
mechanism is inherently more ex- 
pensive than a turntable of com- 
parable quality. Also by the time 
tape recorders were perfected and 
offered at reasonable price, most 
music enthusiasts already had sub- 
stantial collections of good quality 
phonograph records. The added 
expense of purchasing a tape re- 
corder is difficult to justify when 
such a large variety of excellent 
phonograph recordings is available. 
However as will be pointed out 
later the long run saving by taping 
should be enough to at least give 
consideration to the purchase of a 
tape recorder. 


Advantages and Disadvantages 

There are several big advantages 
of magnetic recording. Its use 
makes it possible to keep the noise 
level of taped program material 
very low. There is some noise as- 
sociated with tape recording but 
this is negligible as compared to a 
disc recording with a dozen plays 
to its credit, Astonishingly enough, 
a tape actually becomes quieter 
with use due to the polishing ac- 
tion performed by its sliding over 
the recording head! 

Another advantage is the fact 
that tape recordings may easily be 
erased and new material recorded 
when the old material is no longer 
desired, Just imagine—those Elvie 
Presley recordings so cherished by 
the teenager could someday re- 
sound to the thunder of Beethoven! 

So simple is the recording tech- 
nique that any untrained individual 
can obtain good results, No stylus 


| 
| | | ' 


54 


Fig. 1: Information as transferred to a tape. 
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adjustment, depth control, or chip 
removal are required. 

The lack of deterioration asso- 
ciated with tape is another impor- 
tant consideration. No stylus can 
be blunted and grooves can not be- 
come sloppy. Since slight if any 
energy is removed at each playing 
the taped playback remains bright 
right up until the mechanical de- 
struction of the tape, Contrast this 
to the microgroove L.P, which no- 
ticeably loses some of its crispness 
after the first play. Present tapes 
have practically “infinite” life on 
properly operating machines. Dust 
cannot cause permanent damage 
to tape for there is no groove in 
which it may lodge. 


Longer uninterrupted — playing 
time should be a very important 
factor in this age of “gracious liv- 
ing.” That background music is an 
important psychological asset is 
proven when sound failure in tele- 
vision dramas takes place. The ac- 
tors immediately lose some of their 
persuasiveness. Commercial instal- 
lations of background music em- 
phasize the recognition by industry 
of this point. Inexpensive tape re- 
corders presently available will 
give hi-fi, uninterrupted music re- 
production for a period of 45 min- 
utes with only a 7 inch roll of tape! 

Finally, far less operating skill is 
required to obtain true high-fidelity 
in the home, Shudder no more at 
the thought of dropping that high 
quality tone arm in the middle of 
one of your prize collectors discs. 
Don’t be angry with your wife be- 
cause she bumped your turntable 
out of level—the tape recorder will 
give hi-fi performance riding in a 
Black Diamond cattle car! 


Certain factors must be con- 
sidered as disadvantages of tape 
recording in order that a clear 
evaluation may be made. Of first 
consideration is the fact that pre- 
recorded music is slightly more ex- 
pensive buy on tape than on 
disc. This does not preclude the 
possibility of recording from FM 
broadcasts or electronic copying 
from a friend’s disc collection. 

Secondly, initial application of 
tape to a machine is more difficult 
than placing a record on a turn- 
table. However, threading tech- 
niques are far less critical than that 
of properly placing a precision tone 
arm on the rim of an L..P. dise. 
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Fig. 2: Limited high frequency response due to excessive width of playback head 


Theory of Magnetic Recording 


One of the basic components of 
the magnetic recording process is 
the tape upon which the signal is 
preserved, The tape consists of a 
plastic or paper ribbon to which is 
firmly cemented a layer of iron 
oxide particles, These particles (1 
micron in diameter ) are capable of 
being magnetized and_ retaining 
this magnetism as tiny permanent 
magnets. 

Information is put on the tape by 
magne tizing the magnetic coating. 
This is done by passing the tape 
close to an electro magnet whose 
coil is energized by a current pro- 
portional to the information, This 
magnet is called the recording head. 
As the tape advances past the head 
at a constant velocity, the informa- 


tion is stored in its surface as a se- 
ries of nodes and peaks of magnetic 
flux. A representation of this along 
with the information (sine wave ) 
it represents is shown in Fig, 1. 
Note the fringing which occurs be- 
tween oppositely polarized peaks. 
In order to play back this stored 
information, the tape need be 
vassed over a similarly built (could 
be the same head) pick-up head. 
The flux fringe between these peaks 
is picked up by the iron pole pieces 
and passes through the coil wound 
thereon, A voltage may be induced 
in the coil due to the changing flux 
intercepted by it. The relation is 


riven by e N 
dt 


where e is volts 


generated, N is the number of 


turns of wire and nt ® the rate of 
( 


waverounm 


-- 


Fig. 3: Distortion due to non-linear magnetization characteristic. 
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change of flux through the coil. 
This voltage should be identical in 
form to the information which 
was initially recorded, 

In order to erase the information 
it is necessary only to demagnetize 
the tiny groups of magnets or to 
randomly magnetize them so that 
there is no net external (fringe 
flux) flux, This may be done by ap- 
plying a supersonic (50 ke) signal 
to the tape. This is usually applied 
by an erase head located imme- 
diately preceding the record head. 
The erase head has a wider air gap 
in order that the tape moves in a 
decreasing field as it moves away 
from the erase head, Thus com- 
plete demagnetization occurs 
through use of decreasing hyster- 
eses loops, Other methods are used 
but this is the most common, 


Recording Problems 


Down through its development 
certain problems have arisen with 
tape recording which have taxed 
the ingenuity of the engineer, One 
of these problems is frequency re- 
sponse. That old of ade- 
quate frequency response loomed 
large as designers attempted to 
cover the range of human hearing. 
(20-—-—20,000 cps. ) 

At the high frequency end the 
peaks of magnetization get very 
close together on tape. When they 
become closer together than the 


tips of the pole pieces on the play- 
back head, the flux is no longer 
shunted through the coil by these 
pole pieces (See Fig. 2.). No flux 
changes through the coil means no 
voltage induced and thus the high 
frequency response is lost. 

At the low frequency end of the 
spectrum we run into two very 
great difficulties. The voltage out- 
put has decreased at a linear rate 
with frequency due to the linear 


decrease of ‘This 6 db per oc- 


tave decrease must be equalized 
(counteracted) by some type of 
circuitry. of this order 
(60db ) at the low end would tend 
for a very poor signal to noise ratio. 
For instance the output of a head 
at 20 cps with a high level record- 
ing is only 0.2 milivolts, Keeping 
stray pickup and thermal noise well 
below this value is no small job. 
The other deficiency at low fre- 
quencies again involves fringe flux. 
The peaks become so far apart that 
a portion of the flux travels com- 
pletely around the pole pieces 
without passing through the coil. 
Flutter, another recording prob- 
lem, is a phenomena which is 
caused by jerky motion of the tape 
as it passes the head. Wow is a low 
frequency flutter arising from the 
same causes, A flutter causing am- 
plitude or frequency 
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Fig. 4: Electron beam playback head. 


TAPE 
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Fig. 5: Section showing perpendicular re- 
cording technique. 


greater than 4% is noticeable and 
unpleasing to the human ear. 

Recording difficulty can also 
arise from non-linearity of the re- 
cording media (iron oxide par- 
ticles), This would lead to serious 
distortion as shown by Fig. 3 were 
measures not taken to prevent it. 

Most of these problems have 
been ingeniously solved. Fre- 
quency response is improved by 
control of tape speed. Standard 
speeds of 3.75, 7.5, 15, and 30 
inches per second have been 
adopted. The inch/second 
speed seems to be the best com- 
promise between high and low fre- 
quency Higher speeds 
spread peaks wider apart. This 
solves the problem of head gap 
being too wide but aggravates the 
fringe flux problem at low fre- 
quencies, 

Proper gap width, made as small 
as is practical, can also improve 
frequency response, Not only do 
production problems of how to get 
uniform gaps of % mil arise but 
higher power is required in order 
to cause enough fringing at the gap 
to magnetize the tape. 

Special ingenious heads have 
been devised which eliminate the 
problem of output being frequency 
dependent. The most successful is 
an electron beam pickup designed 
by J. W. Gratian, This head _re- 
sponds to flux intensity rather than 
rate of change of flux. Thus its re- 
sponse is uniform to as low as 1 
cps. (See Fig, 4) 

Longitudinal recording has been 
the only method mentioned here. 
However perpendicular recording 
utilizing the electron beam pickup 
head is capable of response to DC. 
The high frequency response is 
more limited however due to the 

(Continued on Page 64) 
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Work with the GAS industry... 
the nation’s sixth largest 


H. BROWN BALDWIN 
B.S. Mech. Eng., U. of Vermont, 1949. 
Began as Cadet Engineer, Boston Gas 
Co., 1950. Became Staff Engineer in 
Distribution Development Section, 
1952; Staff Engineer in charge of De- 
velopment, 1955; Distribution planning 
Engineer, 1956. Worked closely with 
company’s natural gas conversion pro- 
grams. Now advisor to Distribution 
Department charged with developing 
processes, machines, specifications. 
Assists management in preparing cost 
estimates, job analyses, other projects. 
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C. DAHLMAN 
B. S. Gas Eng., Texas A. & I., 1938. 
Began as Engineer trainee with Lone 
Star Gas Company after graduation 
from Texas A. & |. with first four-year 
Gas Engineering degree offered by 
institution. Joined Houston Natural Gas 
Company in 1942. Became District 
Engineer in Texas City and then District 
Manager in Beeville and Ei Campo. 
Dahiman is currently Chief Engineer 
with full engineering responsibility 
throughout the twenty counties in the 
company’s Texas Guif Coast System. 


The Gas industry—the sixth largest in the 
nation—has a total investment of over 
$15 billion. Last year the industry set a 
new all-time record in number of cus- 
tomers, volume of Gas sold, and dollar 
revenue. In fact, Gas contributed 25% of 
the total energy needs of the nation as 
compared with 11.3% in 1940. The Gas 
industry is a major force in the growth 
development and economic health of this 
country. 

There are many opportunities for you 
in the Gas industry. The industry needs 
engineers, and does not over-hire. You 
won’t be regimented. There’s always room 
for advancement. With utility companies 
and with manufacturers of Gas equip- 
ment, there’s a future for you as an 
engineer. Call your nearest Gas Utility. 
They'll be glad to talk with you about 
your opportunity in the Gas industry. 
American Gas Association. 
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Nickel Progress Report 


A crack at the earth’s surface shows bulk mining is proceeding far underground. 


Once only “waste roc 


4a 
eee 


now a new source of Nickel 


How Inco’s mine engineers 
utilize a panel-caving method 
in order to recover nickel from 
huge ore deposits that formerly 
were not practicable to mine 


Panel caving is one of the newest 
mining methods put into use by The 
International Nickel Company. 

The tonnage of ore handled by this 
method is immense. Sometimes a 
single block measures 200 by 800 
feet. It may weigh as much as 1% 
million tons. 

As these heavy masses move down- 
ward they break into pieces small 
enough to drop through chutes and 
into machine crushers deep inside 
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the mine. From crushers the ore goes 
a quarter mile by conveyor to hoists 
that lift it to the mine head. 

From there, the ore is milled as 
fine as sand. The concentrate is then 
pumped to the Inco reduction plant 
7% miles away. 

Panel mining; new concentrating 
machinery; new, continuously im- 
proved operating practices; pipeline 
transport. Add them together and 
you can see how they make possible 


Panel caving is one of two bulk mining 
methods which account for 70 per cent 
of the company’s total nickel output. 
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Diagram of panel caving in Creighton 
mine. The heavy panel of ore and rock 
sinks, breaking up as it moves down. 


Which Mining Method is BEST? 


There is no one best method of 
getting ore out of the ground. 
Type of ore; type of rock; even 
the location of the mine must 
be weighed. Inco uses five 
underground mining methods 
at Sudbury: 


Square Set Cut and Fill 
Shrinkage  Blasthole 
Panel Caving 


production of nickel from ore de- 
posits once only “waste rock.” 

Inco has prepared a full-color 
sound film—Mining for Nickel—that 
shows the operations of modern 
nickel mines. 16mm prints are loaned 
for showings before technical soci- 
eties, engineering classes of univer- 
sities and industrial organizations. 
For details, write Dept. 130f, 

The International Nickel Company, Inc., 
New York 5, N. Y. 


©1957,7.1.N.Ca., Ine. 
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The International Nickel Company, Inc., ia the U.S. affiliate of The International Nickel 
Company of Canada, Limited (Inco-Canada)—producer of Inco Nickel, Copper, Cobalt, 
Iron Ore, Tellurium, Selenium and Platinum, Palladium and Other Precious Metals. 
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~~ as precise 
as your planning ? 


The proof of the planning is in the finished 

plans. That’s why you're smart to use Eagle 
TURQUOISE—the pencil the professionals 
prefer. Look what it gives you: Uniform grading 
(17 scientific formulas guarantee exactly the 
blackness you want—from every pencil, every 
time!). A strong non-crumbling needle point 
that stays sharp for line after long line of 
unchanging width. Inimitable smoothness— 
thanks to Eagle’s exclusive ‘Electronic’ graphite. 
TURQUOISE makes your plans look sharp— 

and you, too! 


WRITE FOR FREE SAMPLE Turquoise wood 
pencil and Cleantex Eraser, naming this magazine 
—or buy any of these drawing instruments from 
your favorite dealer. 


wine EAGLE “CHEM SEALED” TURQUOISE 


@ TURQUOISE DRAWING PENCILS: With 100% grapmite. 17 Grades, through 9H. 


CLEANTE 


@ TURQUOISE CLEANTEX ERASER: @ TURQUOISE DRAWING LEADS: Fit any standard holder. Grades 5B through 9H. 
Super-soft, non-abrasive rubber. 


@ TURQUOISE LEAD HOLDERS: Hold any grade of Turquoise lead-so firmly that lead cannot be pressed back. 


EAGLE 
: HOLDERS 
are the largest-selling in the United States! ~ 
EAGLE PENCIL COMPANY NEW YORK LONDON TORONTO». MEXICO SY BOGOTA 


APRIL, 1957 


a 
-< are your plans 
+ 
| | 
‘ 
ae 
: 
| 
| Usk EAGLE TURQUOISE 3379 | 
59 


NUCLEAR POWER 


(Continued from Page 16) 


fuel, Based on the assumption that 
plutonium sale offsets all fuel costs, 
both plants designed by this group 
are economically competitive with 
conventional coal-burning plants. 
Using this reactor in a single-pur- 
pose plant, however, results in 
power costs of 37.7 mills per kilo- 
watt-hour for a 15-year amortiza- 
tion period, and 14.5 mills per kilo- 
watt-hour for a 20-year amortiza- 
tion period, neither of which fa- 
vorably compare with convention- 
ally-produced power at 6 mills per 
kilowatt-hour. single-purpose 
plant will be competitive if oper- 
ated as a dual-purpose plant during 
the initial 5 year amortization pe- 
riod when fixed charges are high, 
and then operated for power only. 

The Bechtel Corporation—Pac ific 
Gas & Electric Company studied 
a  heavy-water-moderated, light- 
water-cooled thermal reactor using 
natural uranium fuel, and a liquid- 
sodium-cooled fast breeder reactor 
using enriched uranium fuel, Both 
are operated as dual-purpose reac- 
tors, and both are competitive with 
coal-burning plants assuming plu- 
tonium sales offset all fuel costs, 
and assuming an amortization peri- 
od of 20 years, both assumptions 
not comple tely justified. 

Although not economically feasi- 
ble at the present time, single-pur- 
ose reactors will almost certainly 
x Operating competitively with 
coal-burning plants before 1965. 
Optimism about the future tech- 
nological development nuclear 
engineering has been shown by 
both the Duquesne Light Com 
pany, who will operate a 60,000- 
kilowatt nuclear power plant now 
under construction at Shippingport, 
Pennsylvania, and the Consolidated 
Edison Company, who has just an- 
nounced plans to build a 200,000- 
kilowatt nuclear plant for the pro- 
duction of power in the New York 
City area, That these pli ints will 
be operating at a profit in the not- 
too-distant future is almost a cer- 
tainty. In the words of the Atomic 
Energy Commission: 

Obtaining full participation of 
the Nation's electric energy pro- 
ducers and equipment manutac- 

turers in the development and _pro- 
duction of nuclear power is in our 
judgment the best way of securing 
the maximum return on the public 


“Atomic 


investment in this phase of the 
atomic energy program. The ac- 
cumulated stockpile of  fissionable 
materials, now in the hands of the 
Government, are a_ national re- 
source, Putting this resource to 
work . . . to strengthen the econ- 
omy .. . will most quickly and 
surely achieve and spread its bene- 
fits.” 
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RHAPSODIES IN 
WRAPPING PAPER 


(Continued from Page 28) 


in Florida is graced with a few old 
automatic pianos, Knott's Berry 
Farm in Corona, California, has an 
interesting collection, and so does 
the Cliff House in San Francisco. 
There are others, but these are 
some of the best known collections 
open to the public. 


And Then Violins 


Ancther famous contrivance is 
the famous Mills Violano Virtuoso 
—the machine that plays a violin in 
accompaniment to the piano, This 
is not to say that the Mills is the 
only such outfit. Hupfeld of Ger- 
many built a machine with three 
violins, called the “Phono-Lizst- 
Violina.” There were banjo play- 
ing machines, too, but the Mills 
Novelty Company of Chicago made 
the biggest commercial success in 
this field. The Violano first ap- 
peared in 1907, as a violin player, 
and then in 1912 came on the mar- 
ket as a combination 44 note piano 
and violin player and remained 
on the market until about 1925. 
The Mills company claimed in its 
advertising that the Violano was 
designated “one of the eight great- 
est inventions of the decade” by 
the United States Government! 

In this device, insertion of a coin 
makes contact to start a large AC- 
DC rotary converter in the base of 
the cabinet, making 110 volt DC 
from AC. Of course many of the 
earlier machines were battery op- 
erated and also had to operate from 
odd voltages and frequencies be- 
fore 60 cycle AC became common. 
The piano soundboard is quite un- 
usual, in that it has 44 notes and 
the long strings are placed in the 
center of the harp—an arrange- 
ment which would be highly de- 
sirable for any piano (but practical 
only when under electrical opera- 
tion) because of uniform stressing 
of the cast metal plate. The notes 
are struck by solenoids, acting up- 
on orders from impulses received 
by wire brushes making contact 
upon a steel roller through perfor- 
ations in the music roll] in a man- 
ner surprisingly similar to the fa- 
miliar International Business Ma- 
chines card equipments! The paper 
roll is driven by a DC motor, gov- 


(Continued on Page 64) 
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like this... spend your 


eisure time like this2 


They can...if you start your 
Douglas career now! 


Douglas has many things to offer the career- 
minded engineer! 

...there’s the stimulating daily contacts with 
men who have designed and built some of the 
world’s finest aircraft and missiles! 

...there’s enough scope to the Douglas opera. 
tion so a man can select the kind of work he 
likes best! 

... there’s security in the company’s $2 Billion 
backlog of military and commercial contracts! 
...and there’s every prospect that in 10 years 
you'll be where you want to be professionally, 


DOUGLAS (4 
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anil you Il be in both the i income aed or geo- 
graphical location to enjoy life to its full. 
Brochures and employment applications are 
available at your college placement office. 
For further information about opportunities with 
Douglas in Santa Monica, El Segundo and Long 
Beach, Calif. and Tulsa, Okla., write today to: 
DOUGLAS AIRCRAFT COMPANY, INC. 


C. C. LaVene, 3000 Ocean Park Blvd. 
Santa Monica, California 


First in Aviation 


A Douglas engineer lives here 
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MASONRY WALLS made of brick, stone, or concrete have 
long stood the test of time. But today, they can be made 
even better with a coating of silicone water repellents. 
These amazing materials prevent damaging rainwater 
from entering the countless tiny pores or openings in 
masonry structures, 


When the water freezes after penetrating, it can 
cause spalling—cracks off small pieces. And, if it seeps 
all the way through to the inside of a building, paint 
peels... woodwork warps . . . plaster stains and cracks. 


Now, silicone water repellents provide the an- 
swer. Brushed or sprayed on the surface, they line— 
not seal—the pores in masonry. Even heavy rain driven 
by hurricane winds cannot break through this invisible 


UNION CARBIDE Silicones Crac Agricultural Chemicals 
LINDE Oxygen SYNTHETIC ORGANIC CHEMICALS 


Pyrorax Gas BAKELITE, VINYLITE, and KRENE Plastics 
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UCC’s Trade-marked Products include 
EVEREADY Flashlights and Batteries 
PRESTONE Anti-Freeze 

NATIONAL Carbons 


Keeping water out in the rain 


raincoat .. . yet, because the pores are not sealed, mois- 
ture from within can evaporate freely. 


The people of Union Carbide produce silicones 
for other uses, too... automobile and furniture polishes, 
lubricants, electrical insulation, and new rubber-like 
products .. . all of which help bring more and better 
things for all of us. 

STUDENTS AND STUDENT ADVISERS: Learn more about career 


opportunities with Union Carbide in ALLOYS, CARBONS, CHEMICALS, 
GASES, and PLAsTics. Write for“Products and Processes” booklet C-2. 


Union CARBIDE 


AND CARBON CORPORATION 
80 EAST 42ND STREET HEV FORE 37, 
In Canada: UNION CARBIDE CANADA LIMITED, Toronto 


ELECTROMET Alloys and Metals 
Dynel Textile Fibers 
Prest-O-LiTE Acetylene 


HAYNES STELLITE Alloys 
UNION Calcium Carbide 
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BRAIN” TEASERS 


1. Not long ago, the Engineer 
editors were amusing themselves, 
watching the spiders crawl around 
between the stacks of advertising 
plates. One particular spider, named 
Marty, was building himself an ex- 
ceptionally fine web. 

As the editors watched, Marty’s 
lunchtime drew near. Most con- 
veniently, a fly flew into the web 
and landed at A, Marty, at this 
time, was at C. 

Marty, who has a rather morbid 
sense of humor, likes to watch his 
prey for a while before his dinner. 
Therefore, instead of rushing over 
to devour the fly, he merely ad- 
vanced to D, where he remained 
for a moment. The fly, at this, took 
new hope and advanced to B. (The 
fly was able to unstick one foot, 
and so walk on the web, but could 
not remove both feet in order to fly 
away.) This continued for some 
time, with each moving in turn 
along a strand from one intersec- 


tion to the next, Finally, the fly 
found that after he had moved, 
he was diagonally opposite one of 
the rectangles from the spider, They 
went around and around the rec- 
tangle for several minutes, and the 
fly began to think that he was safe 
from the spider, Marty, however, 
finally managed to catch and de- 
vour the fly. 

How did Marty catch the fly? 
Remember, Marty moves first from 
the position shown in the diagram. 

2. Yesterday, a number of us 
were playing a variation of pool 
called “rotation.” The object of the 
game is to sink the fifteen balls in a 
certain order. Any ball may be 
sunk first, but subsequent balls 
must be sunk so as to form an un- 
broken sequence with the previous 
ones, (For example, if the five, six, 
and seven have been sunk, then 
either the four or the eight ball may 
be sunk on the next shot. 


“Marty's web.” 


How many different orders are 
there for sinking the balls? 

3. A “quickie” to ruin your sleep 
tonight: Somewhere in an obscure 
math course, we learned that the 
letter “i” is often used to represent 
the square root of minus one, If 
this is the case, then what does i' 
(yes, i to the i power) equal? Be- 
lieve it or not, i' is a real number! 
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ernor controlled in such a manner 
that its speed varies continuously 
through the five tunes on the 5” 
diameter roll, to compensate for 
the paper building up on the take- 
up spool. 

The greatest difficulty in getting 
a violin to operate automatically 
would naturally be that of keeping 
it in tune, but the Mills has a very 
simple way of doing this. Instead 
of having tuning pins, as in a regu- 
lar violin, Fig. 6 shows at A the 
adjustable weights hung on each 
of four tuning arms, fulcumed at 
the end near the violin scroll. The 
string is kept taut by the action of 
the weight, and tuning is provided 
by moving the weight on the arm, 
much in the manner of a scale bal- 
ance, Since the load per unit area 
of the string cross section is there- 
fore constant, once the weight is 
adjusted properly, the string will 
not change in tune providing the 
humidity is fairly constant. 

F is the bow motor, a DC motor 
wired in such a way that it will 
operate at four different speeds, 
to accomplish what the violinist 
does by bowing faster or slower. 
A set of four helical gears in front 
of the motor transmits this rotary 
motion to four small celluloid dises, 
immediately under C. When a 
particular note to be played is in- 
dicated by the paper roll, the bow- 
ing dise is made to touch the string 
by a magnet operating on its sup- 
port lever, At the same time it is 
necessary for the strings to be fin- 
gered, and this is done by a series 
of levers and magnets seen im- 
mediately back of the violin neck. 

C is a rosin cake holder, After 
playing five tunes, the machine 
automatically re-rolls the paper 
roll, and while this is being done 
the rosin is automatically pressed 
against the bowing discs, to pre- 
yare them for playing the five se- 
ections over again! 

The single Mills machine illus- 
trated was sold for around $2500, 
and a larger model with two vio- 
lins mounted one above the other 
sold for $3200. Imagine what this 
would mean in today’s money! But 
they were often quick to pay for 
themselves, A man who once owned 
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a ice cream parlor bought one of 
the large machines around 1918 and 
it paid for itself—all thirty-two-hun- 
dred dollars—in nickels taken in 
the first year of its operation! Of 
course in later years, after the ad- 
vent of the automatic phonograph, 
it hardly took in ten cents a week. 

But while there is a flurry of in- 
terest in players today, most of 
these more interesting types of ma- 
chines will only be kept by a few 
collectors. 


MACHINES THAT ARE HUMAN 


(Continued from Page 49) 


A Human Machine? 


To the casual observer, this be- 
havior is all too human, It hints at 
a future universe where man has 
become the robot, for if a simple 
animal with unpredictable behavior 
can be built, why not a more com- 
plex creature with disasterously un- 
predictable consequences? This is 
reminiscent of the science fiction 
story wherein all the electronic 
computers of the universe were 
connected together and a question 
of ultimate importance was asked, 
“Is there a God?” The machine's 
simple answer, “Now there is!” 

Fortunately this is a hypothetical 
situation, because, for this story to 
come true we would have to be 
able to describe, in full detail, the 
complex process of creative think- 
ing. For a creature of only two 
cells, seven modes of existence are 
possible, And, to quote Dr. Walter, 
“With six units there would be 
enough modes to provide a new ex- 
perience every tenth of a second 
throughout a long lifetime.” Since 
the human brain possesses about 
ten thousand million elements, and 
since the number of modes of ex- 
istence is given by the formula, 

(n?’—n) 


where n is the number of elements, 
we are, therefore, capable of ap- 


proximately gw ways of behav- 
ior, The difficulties in describing 
this fantastically great number of 
modes of behavior are obvious. A 
whole world of people could barely 
begin this task even if they worked 
continuously through life- 
times. 

It has been stated that man can 


duplicate only those things he can 
accurately describe. Thus, the im- 
probability of ever completely de- 
scribing the thinking process rules 
out the science fiction “monster”. 
Even Hollywood found this task to 
be too great, for, although Robby 
was a very brilliant robot, there 
was, after all, a man inside him! 

By now the reader may rightly 
ask, “So what? Are these little elec- 
tro-mechanical machines of any 
use?” To answer this, | quote Dr. 
Walter: “As toys they refresh the 
spirit of the laboratory children we 
all are, leading us to familiarity 
with more and more elaborate 
mechanisms. As tools they are trust- 
worthy instruments of exploration 
and frequent unexpected enlighten- 
ment, As totems they foster rever- 
ence for the life they have so la- 
boriously been made to mime in 
such very humble fashion—and still 
would foster it even should they, 
creatures of “sorcery” peering into 
the dim “electrobiological” future 
in search of a deus ex machina, 
look up at us and declare that God 
is a physiologist.” 
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WHY MAGNETIC TAPE 
RECORDINGS? 


(Continued from Page 56) 


necessity of using thick pole pieces. 
This method is shown in Fig. 5 

Flutter and wow are caused by 
mechanical troubles in the tape 
handling mechanism, Flat spots on 
capstans and idlers are usually at 
fault. Large, heavy flywheels on 
capstan shafts also tends to reduce 
flutter. 

The problem of non-linearity is 
solved by the use of a method 
of magnetic bias. This magnetic 
bias makes it possible to operate 
on the linear portion of the mag- 
netization curve, The bias tends to 
put alternate magnetic poles on the 
tape at a supersonic rate. One 
would think then that this super- 
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sonic information would be ap- 
parent on playback. However, the 
response, it will be remembered, 
drops off rapidly at 20 ke. The 
overall effect is for the head to re- 
spond to the net flux intensity on 
the tape. 

From the foregoing explanation 
it is quite evident that tape record- 
ing has presented many engineer- 
ing problems. It should be borne in 
mind that these problems have 
been mastered to the extent that 
exceptionally good service and long 
life are available today. 


Purchasing Considerations 


Should it be desired to purchase 
a tape recorder the following in- 
formation will be helpful in the 
choice of an instrument for home 
use, 

l. Frequency Response. At least 
50-10,000 cps. +2 db on the 7.5 
inch/second speed, 

2. Tape Speeds. For economy 
both 3.75 and 7.5 inch per second 
speeds should be included, 

3. Dual Track. The practice of 
recording different material on op- 
posite edges of the tape is nearly 
standardized, This doubles the 
amount of material which a tape 
may carry. 

4. Flutter. At most 0.5% flutter 
or wow. 

5. Power Amplifier, It is not 
wholly necessary to have a built-in 
amplifier if the recorder is to be 
used in conjunction with a separate 
amplifying system. It is sometimes 
handy to have a built-in power am- 
plifier if the recorder is to be used 
as a portable instrument. 

The user will be most satisfied if 
the above specifications are used as 
a guide in the purchase of a tape 
recorder, There are instruments on 
the market which retail for approxi- 
mately $100 and are quite satis- 
factory. 
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MARS outstanding design SERIES 


3 stages to space 


The designs that will make news tomorrow are still 
in the “bright idea” stage today—or perhaps projects 
under development like this three-stage, two-man space 
ship. Drawn by Fred L. Wolff for Martin Caidin’s 
“Worlds in Space,” the rocket craft would start out as 
shown in the reverse drawing at left, shed its propulsion 
boosters in two stages as fucl is exhausted, and end up 
as the trim plane-like ship at right. Ship is planned to 
orbit a hundred miles above earth, return safely after 
onc to two days. 

No one knows what ideas will flower into reality. 
But it will be important in the future, as it is now, to 
use the best of tools when pencil and paper translate a 
dream into a project. And then, as now, there will be 
no finer tool than Mars—sketch to working drawing. 

Mars has long been the standard of professionals. 
To the famous line of Mars-Technico push-button 
holders and leads, Mars-Lumograph pencils, and 
Tradition-Aquarell painting pencils, have recently been 
added these new products: the Mars Pocket-Technico 
for field use; the efficient Mars lead sharpener and 
“Draftsman’s” Pencil Sharpener with the adjustable 

int-length feature; and — last but not least — the 
fars-Lumochrom, the new colored drafting pencil 
which offers revolutionary drafting advantages. The 
fact that it blueprints perfectly is just one of its many 
important features. 


The 2686 Mars-lumograph drawing pencil, 19 
degrees, EXEXB to 9H. The 1001 Mars-Technico 
push-button lead holder. 1904 Mars-lumograph 
imported leads, 18 degrees, EXB to 9H. Mars- 
lumochrom colored drafting pencil, 24 colors. 


TAEDTLER, INC. 


HACKENSACK, NEW JERSEY 


at all good engineering and drawing material suppliers 


LUMOCHROM 


JS.STAEDTLER DEG D 
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SECURITY VS. NEW FRONTIERS 


The criers of doom have always been with us and always 
will be. They are proven wrong over the long period, Like 
any small vociferous group, they get publicity all out of 
proportion to their stature or the soundness of their theo- 
ries, As a result they are able to gather a few followers, and 
indirectly to influence the thinking of many, For ten years 
now, since World War II, they have forecast a depression 
for each year with their familiar, but shop-worn “Remem- 
ber 1929”. A bit of this is bound to rub off and is at least 
partially responsible for the emphasis on “security” by too 
many of our young men and women today. 

Then there is the group who cry that the dynamism of 
America stopped with the opening of the last frontier— 
meaning, of course, the last geographical frontier, They 
fail to recognize or feel the pulse of the even greater 
dynamism being produced by science in which the new 
frontiers are apparently limitless. For example, it is esti- 
mated that nuclear science alone will soon be required 
to supply more power than could ever be produced from 
all the current or potential water sources on earth. 

The world’s population is growing at a dynamic rate, 
currently estimated at a net gain of one person per second, 
The current production of food and other vital necessities 
is falling rapidly behind this demand. The population of 
the United States is estimated at 200 millions by 1975 and 
it now appears we may hit this figure before that date. 
This increase in our population will require at least a 50 


66 


per cent increase in food production by that date over 
1955! The new frontiers which must be opened in every 
field of endeavor to supply the world demand with the 
simplest necessities are numerically sufficient to stagger 
the imagination. 

The new frontiers are here; all we need is a rebirth of 
the pioneer spirit to conquer them, The pioneer spirit isn’t 
interested in pension plans, social security and other trap- 
pings for old age. The pioneer will provide for his own 
security when and if the time comes that he needs it. He 
doesn't sell his ambition to government civil service or the 
giant corporation just because there is potentially a greater 
security with them, The price of such security—as con- 
trasted with providing for your own future security—is 
high in potential loss of initiative and individuality, in 
degradation of ambition and in diminution of self-respect. 
The rewards for a pioneer are measured only by his own 
efforts and ability. 

When the next personnel representative visits the cam- 
pus, don’t ask him about pension plans, but find out where 
his company is going, what their plans are for the next 
ten and twenty years in seeking and conquering new 
frontiers. How can you fit in this picture, unbounded by 
security-minded superiors, to advance and become part 
of this team of pioneers. There are plenty of such com- 
panies who operate under the principle of one of Wall 
Street's most successful investors: “Sell America Long”. 
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ALUMNI 


ENGINEERS 


S. R. Hirsch. 


Sylvan R. Hirsch, ME ‘25, has been 
appointed Assistant to the Vice 
President-Engineering at the Worth- 
ington Company's Harrison Division. 
A native of Savanah, Ga., Mr. Hirsch 
joined: the Worthington Cincinnati 
Office following his graduation from 
the University. In 1934 he was trans- 
ferred to the company’s Harrison Di- 
vision where he served as Assistant 
Chief Engineer in the Refrigerator 
Division, In 1955 he was appointed 
Manager of Engineering at the Holy- 
oke Branch at which post he served 
until his present promotion. 


Edgar H. Dix, Jr., MME ‘16, was 
presented with the Albert Sauveur 
Achievement Award at the annual 
meeting of the American Society of 
Metals in recognition of his out- 
standing work in aluminum alloys 
research, Mr. Dix is assistant director 
of research of the Aluminum Com- 
pany of America, located at the 
company’s laboratory in New Ken- 
sington, Pa. He started his work in 
aluminum alloys back in 1919 with 
Aluminum Casting Company. In 
1921 he became chief of the metals 
branch, Engineering Division, Air 
Service, McKook Field. He has been 
with Alcoa since 1923. Mr. Dix was 
chairman of the Pittsburgh Chapter 
of the ASM in 1931-32. In addition 
he is affiliated with numerous other 
technical societies. 


H. Alfred Stalfort, CE ‘34, has 
been elected president of the Engi- 
neering Club of Baltimore for 1957. 
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Morgan Tibbett, ME ‘36, is now 
in Tehran, Iran, as a member of a 
two man economic team charged 
with the task of devising a compre- 
hensive plan in oil development for 
the Iranian government, It is part of 
an Iranian seven-year program of or- 
ganization. Mr, Tibbett is an affili- 
ate of the Ford Foundation in this 
operation, and expects to be there 
two years. 


Col. Stanley T. B. Johnson, MCE 
‘38, has been named district engi- 
neer of the U.S. Army Engineer Dis- 
trict in Baltimore, Md. 

He will direct military construction 
in Maryland and parts of Pennsyl- 
vania, including projects at Aber- 
deen Proving Ground, Fort George 
G. Meade, Army Chemical Center 
and Fort Holabird. 

Further responsibilities will be river 
and harbor activities, maintenance 
of Baltimore harbor and channels, 
and flood control work in the Sus- 
quehanna watershed. 

Colonel Johnson graduated from 
West Point in 1935 and received a 
master’s degree in civil engineering 
at Cornell in 1938. Most recently he 
was corps engineer with the First 
Army Corps in Korea. 


George E. Munschaver, ME ‘27, 
has become chairman of the board 
and chief executive officer of the Ni- 
agara Machine & Tool Works. Mr. 
G. E. Munschauer has been with Ni- 
agara since 1928, having served as 
treasurer and a director since 1941 
and vice president and treasurer 
since 1945. He has been active in 
product engineering since joining the 
company. 


Frederick E. Munschaver, Jr., ME 
‘41, has been appointed the new 
president and general manager of 
Niagara Machine & Tool Works. Mr. 
Munschauer, Jr. has been vice presi- 
dent in charge of manufacturing and 
industrial relations since 1953 and a 
director since 1947. He was ap- 
pointed works manager in 1946. A 
grandson of the founder, Mr. Mun- 
schauer, Jr. entered the employ of 
Niagara two years prior to his grad- 
vation from the University. 


Rex A. Daddisman, CE ‘22, is in 
the real estate and construction busi- 
ness. He is now engaged in the fi- 
nancing, construction, and leasing of 
industrial plants in California. His 
address is 575 Oregon St., San Fran- 
cisco 22, California. 


Orin R. Severn, EE ‘24, is division 
patent counsel for the Electronics Di- 
vision of Curtis Wright at Carlstadt, 
N.J. He is a member of the Cornell 
Club of Essex County and the Amer- 
ican Patent Bar Association. 


Thomas M. Tooke, ME ‘42, has 
been appointed supervising engi- 
neer in the Engineering Project Group 
at Monsanto Chemical 
Springfield, Mass. division. Mr. Tooke 
is an active member of American So- 
ciety of Mechanical Engineers. His 
present address is 32 Chariton St., 
Springfield, Mass. 


Edward C. Sargent, ChemE ‘44, 
has been appointed president of the 
Zirconium Corp. of America, He 
joined the firm last February as vice- 
president and general manager. 
Previously he had served as project 
manager for the Vitro Engineering 
Division, Vitro Corporation of Amer- 
ica, and as Cleveland area manager 
for the Atomic Energy Commission. 
Mr, Sargent is married, has four 
sons, and lives at Trails End Drive, 
Aurora, Ohio. 


Edward C. Sargent. 
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editor as a man who’s “‘chair-borne”’ most of the 
time . . . tied to a desk at an indoor job. 

Nothing could be further from the facts when it’s 
a McGraw-Hill editor you’re thinking about. Frank 
Kovalcik, Western Editor of McGraw-Hill’s 
ELECTRICAL WORLD Magazine, can quickly tell 
you that. He’s anything but a desk man... covers 
11 states and part of Canada. Frank says: 

“In 1956, I made eight major field trips, covered 
close to 24,000 miles. I was underground in a trans- 
former vault in Los Angeles, inside a diversion tun- 
nel in Idaho, atop a steel transmission tower in 
northern California. Projects visited included The 
Dalles multi-purpose project, Hoover Dam, Hells 
Canyon, and even behind the scenes (electrically) at 
the Republican National Convention. But none of 
them can touch the ‘Operation CUE” A-Bomb test 
I covered a year ago! 

“*My chance to witness the detonation of a nuclear 
device came when the Federal Civil Defense Admin- 
istration and the A.E.C. decided to test non-military 
effects of the blast. I reported on what happened to 
electrical utility lines and equipment.” 

(Frank wouldn’t say so, but his story set a record... 
from explosion to editorial pages in four days! The 
pictures at right were part of his original coverage of 
this fast-breaking—‘‘hot”—news story for his maga- 
zine.) 


McGraw-Hill As A Place to Work 


Frank can tell you about this, too: 

“My first editorial job—with the Purdue Expo- 
nent in college—didn’t use my engineering training, 
but it showed me the way to communicate what’s 
new in engineering . . . to report and interpret the 
work of engineers for the benefit of other engineers. 


I YOU’RE LIKE MOST PEOPLE, you think of an 


McGraw-Hill Magazines 


McGraw-Hill Publishing Company, Inc. 
330 West 42nd Street, New York 36, New York 


YOU 


Frank Kovalcik, Purdue ’48, Covered 24,000 Miles in 
1956 as Western Editor of ELECTRICAL WORLD 


“When I got my BSS. in E.E. I started with 
ELECTRICAL WORLD in New York. Within a year 
I was promoted to Assistant Editor and made re- 
sponsible for a department of the magazine. Before 
the big jump to San Francisco as Western Editor in 
’54 1 served briefly as assistant to the managing 
editor. 

“As Western Editor my search for news takes me 
into all important phases of the electric utility indus- 
try —and into association with top management and 
engineering men. Working with them is a constant 
reminder that the choice of an engineering-editorial 
career was the right one for me.” 


YOU—and McGraw-Hill Magazines 


You, too, may find the right opportunity for your- 
self with McGraw-Hill—the world’s largest pub- 
lisher of business and technical magazines. If you 
are the kind of man we’re looking for—both an engi- 
neer and an alert, inquisitive, knowledgeable man 
who likes to report, appraise and write, we want to 
talk with you. 

Send today for your copy of “Successful Careers 
in Publishing at McGraw-Hill” for information 
about career opportunities. Or write to us about 
yourself. We’re interested in your background, extra- 
curricular activities, college record, summer jobs and 
career goals. Write to: 


Peter J. Davies 
Assistant to The Editorial Director 
McGraw-Hill Publishing Company, Inc. 
330 West 42nd Street, New York 36, N. Y. 
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Frank Kovalcik (right) and 
Karl M. Bausch, Chief Elec- 
trical Engineer of Bechtel Co. 
and official observer at ‘‘Oper- 
ation CUE” for the Edison 
Electrical Institute. Smaller 
illustrations taken by Frank 
show typical blast damage 
caused by a test detonation 
of a nuclear device to electric 
utility lines and other facilities. 
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How to make the most 
of your engineering career 


ONE OF A SERIES 


go where 
engineers are free to do 
creative wor. One of the things that irks 


engineers most, surveys 
show, is getting burdened with dull, routine 
chores. This takes the fun out of 
engineering, and slows you down. 


You'll be ahead, therefore, if you select 
a company that helps you avoid this 
kind of career impediment. 


Take Boeing, for instance. Boeing frees 
engineers for creative assignments by 
hiring engineering aides and draftsmen 
to handle routine jobs. Boeing engineers 
concentrate on engineering. 


Another point: you'll find excitement 
aplenty at Boeing, working with men who 
are literally writing the book in the field 

of long-range jet-powered aircraft. 

You'll work on such projects as advanced 
civil and military jet airplanes, the 
supersonic BOMARC guided missile weapon 
system, and top-secret research programs. 


Boeing's rapid, steady growth assures 
constant opportunities for advancement— 
and career stability. You'll enjoy a high 
starting salary, and benefits that include 
retirement plans and a company-paid 
graduate study program. There are long-range 
Boeing openings for engineers and scientists 
of ALL types, and for mathematicians 

and physicists. It'll pay you to look 

into these opportunities now / 


NOW is the time to start planning ahead. 
Consult your Placement Office, or write: 


JOHN C. SANDERS 
Engineering Personnel Administrator 
Boeing Airplane Co., Seattle 24, Washington 


FRED B. WALLACE, 
Chief Personnel Engineer 
Boeing Airplane Co., Wichita 1, Kansas 


Aviation leadership since 1916 


Seattle ,Washington Wichita, Kansas Melbourne, Florida 
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The never-ending search for oil takes men to 
strange places—even to ocean floors. 


Here Mobil scientists, the first company team of 
research geologists trained as skin divers, probe 
the bottom of the Gulf of Mexico. 


From their findings have come clues which may 
lead to the location of new oil reserves to strength- 
en the Free World—to guarantee you a continu- 
ous and abundant flow of the thousands of 
products made from petroleum toenrich your life. 


Geology is but one of many professions repre- 
sented on the world-wide roster of Mobil per- 
sonnel. We also employ nuclear physicists, math- 
ematicians, chemists and engineers of every type, 
marketing analysts, marketers . . . people pre- 
pared to handle more than 100 different positions. 


If you qualify, the Mobil companies offer you an 
opportunity to build a career through training 
that will utilize your talents to the fullest . . . 
constantly challenge your ingenuity . . . reward 
you with a lifetime of richly satisfying work. 
For more information about your opportunity 
with the world’s most experienced oil company, 
see your College Placement Officer. 


SOCONY MOBIL OIL CO., INC. 


NEW YORK 17, N.Y. 


Leader in lubrication for 91 years 
APFILIATES: 


General Petroleum Corp., Los Angeles 54, California 
Magnolia Petroleum Company, Dallas 21, Texas 
Mobil Oil of Canada Ltd., Calgary, Alberta, Canada 
Mobil Overseas Oil Company, New York 17, N. Y. 
Mobil Producing Company, Billings, Montana 
Secony Mobil Oil Company de Venezvela 

and other foreign producing companies 
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TECHNIBRIEFS 


POCKET-SIZE TELEVISION CAMERA 
FOR MILITARY CLOSED-CIRCUIT 
APPLICATIONS 

A pocket-size live television cam- 
era has been developed for mili- 
tary airborne, mobile, and field- 
closed-circuit TV applications. 

The ultra-miniature TV camera, 
developed by engineers of the RCA 
Surface Communications Depart- 
ment, was made possible by a new 
design approach which combines 
transistors, specially developed 
transistor circuitry, and a new 
RCA half-inch vidicon camera tube. 

The pocket-size TV camera 
(JTV-1) weighs less than a pound 
and measures only 1% by 2% by 4' 
inches; yet surpasses standard vid- 
icon- type industrial TV cameras in 
sensitivity, Used with an F-1.9 lens, 
it requires only 10 foot candles of 
scene illumination for clear, con- 
trasting pictures. 

The RCA pocket-size television 
camera represents a significant ad- 
vance in the military television art. 
Its ultra-miniature size, simplicity, 
and flexibility will open new fields 
of application for closed-circuit 
television, permitting direct obser- 
vation and reconnaissance in places 
and locations heretofore inacces- 
sible to existing TV camera equip- 
ment, In airborne and mobile use, 
the ultra-miniature camera prom- 
ises quality television with impor- 
tant savings in vital space and 
power, The camera literally places 
in the hand of the military services 
an important new medium for tele- 
observation. 

The new military TV camera in- 
corporates numerous design and 
performance features for maximum 
Hexibility and operating conven- 
ience, 

~The camera can be operated 
in the palm of the hand, used with 
an attachable pistol-grip handle, 
bolted to wall or floor, or mounted 
on a tripod, 

—It is the first TV camera of its 
type to incorporate a photoelectric 
iris control, which automatically 
activates specific camera circuits to 
compensate for changing light 
levels, The photoelectric iris con- 
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Lower frame of power shovel weighing 300 tons. Hollow center will contain an elevator. 


trol enables the camera to accom- 
modate changes in the order of 100 
to | in scene lighting. 

3—Designed for maximum power 
economy, the camera system op- 
erates from a 115-volt, 60 cycle AC 
source and draws less than 350 
watts. Camera dissipation is only 
three watts. 

4—Made rugged for military air- 
borne, mobile, and field require- 
ments, the pocket-size camera has 
a high level of resistance to shock 
and vibration, For unusual shock 
and vibration conditions, the cam- 
era design permits encasing of the 
complete internal construction in 
standard potting compounds, 

5—Featuring virtually uprece- 
dented design and operating sim- 
licity, the camera can be operated 
= non-technical personnel, Once 
optical and electrical focus are 
fixed for a specific application it 
rarely requires control adjustments. 


VOLCANO’S POWER HARNESSED 
An Italian voleano has been har- 
nessed to generate power and sup- 
ply sulphur, Steam from a volcano 
at Spar aes is passed through dry 
boxes to remove carbon dioxide 
and hydrogen sulfide. The sulfide is 
then broken down to sulphur, The 


station generates 260,000 kw. In ad- 
dition about 30 tons of sulphur are 
recovered daily. 


METAL TO HELP CRACK JET ‘HEAT 
BARRIER’ 

A new high-strength, high-tem- 
perature metal which is designed 
to help push back the “heat barrier” 
now being encountered by jet en- 
gines in the nation’s new super- 
sonic aircraft has been developed. 
Announcement of the metal, for 
use inside the red-hot interiors of 
jet engines, was made by Westing- 
house Materials Engineering De- 
partment. It is described as “sig- 
nificant advancement in the field of 
gas turbine disc materials.” 

“As jet planes travel faster and 
faster into the realm of supe rsonic 
flight, they encounter what is com- 
monly called the ‘heat barrier’—ex- 
cessive heating of the plane due to 
its own impact with the onrushing 
air. It is the same phenomenon 
which causes a meteorite to burn 
to ashes as it falls at high speed 
through the earth’s atmosphere. In 
aircraft, this heating creates many 
serious problems, not only in the 
general structure of the plane, but 
also in the jet engine which powers 
it.” 
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Impact heating is now a major 
consideration in the design of the 
inlet and compressor of modern jet 
engines. By using titanium for 
those parts that were formerly made 
of aluminum, magnesium and low- 
alloy stainless steels, engineers can 
protect these sections of the engine 
from the effects of impact heating 
without sacrificing the turbojet’s 
light-weight advantage. 

However, back in the turbine 
section of the engine exists what 
might be called a second “heat bar- 
rier” which is proving to be a much 
more difficult problem for the tur- 
bojet designer. A jet engine gets its 
energy for propulsion by increasing 
the temperature of the air passing 
through it. As a general rule, the 
greater the increase in air tempera- 
ture, the more thrust a given en- 
gine will produce and the faster 
the airplane will fly. If the speeds 
of new fighters, bombers and mis- 
siles are to continue up the super- 
sonic scale, their engines must be 
able to run at higher and higher 
temperatures; and they must do this 
without having any of their com- 
ponents suffer significant losses in 
mechanical strength. The new 


Westinghouse metal is intended as 


a structural material for use in the 
turbine section of the jet engine, 


where the hottest moving parts are 
found. It offers special promise as 
a material for constructing turbine 
discs. 

A jet engine turbine disc is a 
metal wheel that is bolted to the 
aft end of the rotating shaft of the 
engine. Anchored to its outer rim 
are some 50 or more turbine blades. 
White-hot gases from the burning 
fuel push against the blades and 
spin the disc and shaft at speeds up 
to 20,000 revolutions per minute. 
The dise, whirling at red-hot tem- 
peratures, undergoes stresses as 
great as 50,000 pounds per square 
inch. 

The new material, which is re- 
ferred to simply as W545, is an al- 
loy of six essential elements: iron, 
nickel, chromium, and in smaller 
proportions, molybdenum, titanium 
and boron. 

Increasing the operating strength 
of temperature of a high-tempera- 
ture alloy can be done by adding 
greater quantities of these ingre- 
dients which cause hardening in 
the alloy. However, this procedure 
usually results in a loss of ductility, 
causing the alloy to become brittle 
and more susceptible to fracture. 
This low ductility starts to grow 
during the hardening process when 
imperfections and dislocations of 


Ultra-miniature TV camera, built around transistors and a 
new 1/2-inch “Vidicon” pick-up tube, weighs less than a 


pound. Mounting shown is optional. 
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the atoms occur along the individ- 
ual grain boundaries of the alloy. 
It appeared likely that one solution 
to the problem might be to fill up 
these spider-web lines of brittle- 
ness to make the precipitation re- 
action more generalized within the 
grains rather than concentrated at 
the boundaries, This called for an 
element whose atom was of such a 
size that it would not merely move 
in and be a substitute in the alloy 
lattice for one of the iron, cobalt, 
nickel or chromium atoms, which 
are all about identical in size. It 
would also have to be a larger size 
atom than carbon, nitrogen, or oxy 
gen which can actually slip inside 
the crystal lattice of the alloy, The 
element boron filled the bill. Ap- 
proximately % the size of the iron 
atom, it is too small to be a sub 
stitutional type atom and too large 
to be the interstitial type. 
Laboratory quantities of W545 
were prepared by melting in an in- 
duction-type furnace, The ingots 
obtained were processed into spe- 
cimens, which were tested for 
stress-rupture strength under se- 
vere temperature conditions. 
Tests show W545 to be an out- 
standing high-strength, high-tem- 
perature alloy, When heated to a 
temperature of 1200 degress Fah- 


Electric power shovel towers sixteen stories high. 
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another example of exciting work at los alamos... 
FAST PHOTOGRAPHY 


PICTURES/SECOND 


Here at Los Alamos, the de- 
velopment of high speed 
photography has produced 
framing cameras of 
dented framing rates and 
exposure times. These cam- 
eras are capable of taking as 
many as 90 frames at rates 
as high as 15 million frames 
a second. They employ the 
technique of sweeping the 
reflected from a 
rapidly rotating mirror, over 
a set of correcting lenses 
onto the recording film. This 
results in the effective stop- 
ping of image motion within 
the frame. In addition to the 
creation of new optical com- 
ponents, the construction of 
these cameras has involved 
the development of tech- 
niques for rotating mirrors 
of substantial size at speeds 
as high as 22,000 revolu- 
tions per second. 

Used in a wide variety of re- 
search parame as well as 
in the Laboratory's weapon 
investigations, instruments 
such as these typify the ex- 
cellent resources, in facilities 
and in the capability for cre- 
ating wholly new experi- 
mental methods, enjoyed by 
the scientists of Los Alamos 
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The enlarged frame above shows the collision 
of a steel ball and an aluminum plate at an 
approximate velocity of 4 millimeters/micro- 
second, illustrative of studies of interaction of 
metals at high impact velocity. The cutaway 
drawing shows some of the features of one of 
the Laboratory's high speed framing cameras. 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 


LOS ALAMOS, NEW MEXICO 


renheit and subjected to a stress of 
75,000 pounds per square inch, the 
W545 test samples withstood these 
conditions for as much as 300 hours 
without breaking. Under equiva- 
lent conditions, standard turbine 
disc materials would probably have 
a lifetime of less than ten hours. 


OIL ADDITIVE STOPS SLUDGING IN 
“STOP-AND-GO” DRIVING 

Harmful sludging of engines, 
most severe under “stop-and-go”™ 
driving conditions, may be halted 
by a new motor oil additive. 

Automotive engineers define 
“stop-and-go” driving as consisting 
of trips under 10 miles in city and 
suburban traffic, the minimum dis- 
tance required to heat oil to proper 
operating temperature. Three- 
fourths of all trips are less than 10 
miles. In this kind of short haul 
service, formation of sludge is rela- 
tively rapid. 

The Du Pont additive is unique 
because it works in the presence of 
water—and water is a foremost rea- 
son why “stop-and-go” driving is so 
highly conducive to sludge forma- 
tion. A pint of water is formed for 
every gallon of gas burned, Some 
of it slips past the oil rings as mois- 
ture. The comparatively cool crank- 
case condenses this moisture into 
water, which, upon joining the 
combustion products in the oil, 
forms tiny particles of sludge. 

The Du Pont additive immedi- 
ately surrounds each individual 
particle of sludge in a chemical 
raincoat of its own, Packaged par- 
ticles cannot join forces and settle, 
but remain suspended in the oil. 
So small they are invisible, they 
easily pass through the oil screen 
and filter and are drained off when 
oil is changed. 


MACHINE TESTS SPRING WIRE 

A recently constructed machine 
for fatigue-testing small diameter 
wire is proving very useful in 
studies of spring materials at the 
National Bureau of Standards. De- 
veloped by J. A. Bennett and H. C. 
Burnett of the Bureau’s mechanical 
metallurgy laboratory, the machine 
stresses the straight wire sample in 
reversed torsion, simulating the 
stresses in a coiled spring under 
fluctuating tension or compression 
load. Results obtained with straight 
wire in this way show good corre- 


(Continued on Page 77) 
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At Norton, The Daily Grind 
Is What The Products Do 


Norton people can’t get into a daily- 
grind frame of mind, because days 
are no more alike than lightning and 
lightning bugs. As the world’s leading 
producer of grinding wheels, grind- 
ing machines and other . abrasive 
products, Norton has an astonish- 
ingly various list of customers — and 
serving them all is what makes the 
days so different. 

Norton doesn’t serve just one in- 
dustry — or two or even ten. It serves 
virtually all industry, and industry all 
over the world. 


And, as though supplying the 
world with abrasives and grinding 
machines were not challenge enough, 
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Norton is now extending its product 
lines far beyond those classifications. 
Exciting new materials born in 
Norton furnaces are carrying Norton 
men and women deep into the fields 
of jet propulsion, atomic energy and 


rocketry. 


Square pegs looking for square 
holes and round pegs looking for 
round holes need not apply. Pegs in 
holes can never meet the challenges 
of each new day at.Norton. Pegs in 
holes also have a way of losing their 
identities — something that will 
never happen to you at Norton, 


If the Norton Company sounds 
like your kind of company, write to 


the Director of Personnel, Norton 
Company, Worcester 6, Massachu- 
setts. Ask him for the new illustrated 
brochure, “Your Future at Norton,” 


NORTON 


ABRASIVES 
Gilaking better products... 
to make your products better 


NORTON PRODUCTS, Abrasives * Grinding Wheels 
Grinding Machines + Refractories 
BEHR-MANNING PRODUCTS, Cooted Abrasives 
Sharpening Stones + Behr-cat Tapes 
U.S. A. * Canada + South Africa + England » France 
Germany Australia * Northern ireland Argenting 
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GERBER'S BABY FOODS 
Made at Rochester with 


These famous foods, described in 
the October Reader's Digest, are 
revolutionizing the feeding of youngsters. 

We are proud to have furnished the cooling sys- 
tem for Gerber's new plant, where 500,000 jars 
of strained foods are packed daily. Installation 
(full-automatic) by Mollenberg-Betz Machine Com- 
pany, Frick Dis- 
tributors at Buffalo. 

The Frick Gradu- 


ate Training Course 
in Refrigeration and 
Air Conditioning... 
operated over 30 
years... offers a 
career in a growing 
industry. 
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Three of Six Frick Ammonia 
Compressors at Gerber’s. 


WE PRIDE OURSELVES on having a small — 

but excellent Engineering Department, 

containing a representative stock of the 
better known brands of Engineering 

Supplies: 

—K & E, DIETZGEN, PICKETT, HIGGINS— 

Slide Rules, Instruments, Scales, Curves, 
Paper, Inks and all the smaller items 


necessary for the Engineer. 


Phone 2-2304 


412 College Ave. 


CRESCENT 


Insulated Wires and Cables 


CRESCENT INSULATED WIRE & CABLE CO. 
TRENTON, N. J. 


Pictured here are just a 
few of the many wires 
and cables made by 
CRESCENT. They have 
an enviable reputation 
for quality and endur- 
ance. 


C. Edward Murray, Jr. ‘14 
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TECHNIBRIEFS 
(Continued from Page 74) 


lation with the results of fatigue 
tests on compression springs coiled 
from similar wire. 

Because helical springs are often 
used in applications where they are 
subjected to many cycles of fluctu- 
ating load, their fatigue properties 
are of major importance, To pro- 
vide data in this area, the Army 
Ordnance Corps has for several 
years sponsored a study of the fa- 
tigue properties of spring materials 
at the Bureau, However, fatigue 
tests on compression springs are 
time consuming, and special care 
is required in coiling, grinding, and 
measuring the spring before test. 
The present machine was designed 
to determine the torsional fatigue 
properties of spring wire without 
need of coiling wire into springs. 
Set-up time is thus greatly reduced 
as the ends of the straight-wire 
specimens need only be bent at 
right angles. 

The machine consists essentially 
of two aligned grip heads that hold 
the wire specimen while they os- 
cillate individually through an 
angle of about 12 20 deg grees. The 
amplitude of deflection in the spec- 
imen is set by means of an adjust- 
able coupling that shifts the phase 
relation between the oscillating 
grips. 

Power is provided by a 1/20- 
horsepower electric motor. The 
motor causes rotation of a_hori- 
zontal shaft which is connected at 
one end to a second horizontal 
shaft by the adjustable coupling 
previously mentioned, The free 
ends of the two horizontal shafts 
are connected to the shafts of the 
grip heads by crank mechanisms 
in such a way as to cause oscilla- 


tory motion of the grip heads. 
Thus, by adjusting the coupling, 
the relative motion of the two 
heads can be controlled. 
Photo Credits 
Cover, Frey; Pages 14-17, 


North American Aviation; Page 
34, Humble Oil and Refining 
Co.; Pages 35-38, Standard Oil 
Co, (N.J.); Pages 46-49, Sci- 
entific American; Page 72 & 
Page 73 (lower right), Lin- 


coln Electric Co.: Page 73, 
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CHEMISTS * ELECTRICAL ENGINEERS * MECHANICAL ENGINEERS CHEMICAL ENGINEERS 
METALLURGISTS PHYSICISTS CERAMIC ENGINEERS INDUSTRIAL ENGINEERS 


AN ADVERTISEMENT 
YOU READ FROM THE 
BOTTOM UP 


Specially prepared for Young Engineers and 
Scientists who look more than 1 year ahead 
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START HERE 


for highlights of the ca- 
reer of Everard Book, a 
young engineer who 5 
years ago was where 
you are today. 


Make an appointment through your placement director to see the 
Sylvania representative on his visit to your campus—and write for 


your copy of “Today and Tomorrow with Sylvania.” 


How ork 19, N.Y. 
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JOHN MORAN, who joined Western Electric’s engineering staff at the Kearny Works recently, is now studying for his M.S.M.E. under the new 
Tuition Refund Plan. Western Electric expects to refund the tuition for John’s graduate study at the Newark College of Engineering this year. 
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Western Electric’s new TUITION REFUND PLAN 


can help you continue your studies while 


Under the new plan, Western Electric will refund 
tuition costs for after-hours study at graduate or 
undergraduate level, up to a maximum of $250 for 
each school year, 


Say, for example, that you decide on a career at 
Western Electric in one of many rewarding phases 
of telephony—electronics, development engineer- 
ing, design, manufacturing production, plant engi- 
neering, or some other. You may be eligible for 
financial assistance to help defray the cost of grad- 
uate or other study from the very first day. Choose 
engineering, science or any course that is appro- 
priate to your job or that adds to your ability to 
accept greater responsibility, and the Company 
will refund to you up to $250 a year for tuition. 
(Youll note from the map on this page that 
Western Electric’s work locations are well situated 
in terms of major population areas. That means that 
many of the nation’s best schools are close by.) 


Plus values, like the new Tuition Refund Plan, 
give Western Electric engineers many opportuni- 
ties that others never have. There’s specialized 
training both in the classroom and on the job... 
a formal program of advanced engineering study 
that includes full-time, off-job courses of up to 10 
weeks’ duration ...a retirement and benefit pro- 
gram that’s one of the best known and most liberal 
in industry ... low-cost life insurance that would 
appeal to any man with his eye on the future. And 
of paramount importance is the chance to work 
alongside top men in the field of communications, 


There’s a good deal more for which there isn’t 
space here. Why not write us or contact your place- 
ment office to schedule an interview when Bell 
System representatives visit your campus. 


MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 
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launching an exciting career 


As one of us, you'd help engineer the manufac- 
ture, distribution or installation of the equipment 
needed for the nation-wide communications net- 
work of 49 million Bell telephones. 


Here—where transistors were first developed for 
production; where repeaters for the new transat- 
lantic telephone cable were tailor-made—there’s a 
constant need for new products and new processes. 
Two-thirds of the equipment we make today for 
the Bell telephone companies is of types developed 
since World War II. 


Besides telephone work, Western Electric—over 
the years — has been responsible for a continuous 
flow of defense jobs for the government such as the 
Nike guided missile system and the DEW Line. 


There's plenty of room for advancement... 
whatever your field of specialization. So—whether 
you'd be helping with our telephone job, or work- 
ing on a major defense project like guided missile 
systems—with Western Electric you can expect to 
grow! 


For our College Tuition Refund Plan booklet 
and additional information about Western Electric 
write: College Relations, Room 1034, Western Elec- 
tric Company, 195 Broadway, New York 7, N. Y. 


Western Electric has major manufacturing plants located at 
Chicago, Ill., Kearny, N. J., Baltimore, Md., Indianapolis, Ind., 
Allentown, Pa., Winston-Salem, N. C., Buffalo, N. Y., North 
Andover, Mass. Distribution Centers in 30 cities. Installation 
headquarters in 16 cities. General headquarters: 195 Broadway, 
New York, N.Y. Also Teletype Corporation, Chicago 14, Illinois. 
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STRESS STRAIN... 


A professor is a man whose job it 
is to tell students how to solve the 
problems of life which he himself 
has tried to avoid by becoming a 
professor, 


G 


A college student arrived at the 
Pearly Gates where St. Peter asked 
him who he was. When told he was 
an Arts student, St. Peter said, “Go 
to the Devil.” Some time later an 
Ag student arrived, and upon being 
asked who he was, replied that he 
was an Ag student. He was told to 
go to Hades. The third student ar- 
rived at the Pearly Gates with his 
slide rule. When asked who he 
was, he replied, “I'm an engineer,” 
whereupon St. Peter said, “Come 
in, son, you've been through Hell 
already.” 


And there was the freshman in 
engineering that thought steel wool 
was the Heece of a hydraulic ram. 


Two junior EE’s had just com- 
pleted a stiff Mechanics exam and 
were discussing it in the Straight. 

First KE: How far were you 
from the right answer on the sec- 
ond problem? 

Second EE: Two seats. 


A patient in a lunatic ward in- 
sisted he was Adolph Hitler. 

“Who gave you that name?” the 
doctor inquired, 

“God gave it to me,” said the pa- 
tient, 

“No, | didn't,” answered a voice 
from a neighboring bed. 
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A chaperone is a force acting on 
a couple to maintain it in a state of 
equilibrium. 


My parents taught me not to smoke; 
I don't. 
Nor listen to a dirty joke; 
I don't. 
They make it clear | must not wink 
At pretty girls, nor even think 
About intoxicating drink; 
don't. 
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To sow “wild oats” is very wrong; 
I don't. 

Wild youths chase women, wine 
and song; 

I don't kiss girls, not a single one, 

I don’t even know how it’s done, 

You'd think that I wouldn't have 
much fun; 


I don't. 


Victims of an accident in Scot- 
land were still lying on the road. 
Along came a native and said to a 
man lying on his back: “Has the 
insurance man been ‘roon yet?” 

“No,” was the reply. 

“Ah, weel,” said the Scot, “I'll 
just lie doon aside ye.” 


“Won't your wife hit the ceiling 
when you get home tonight?” 
“She probably will; she’s a poor 
shot.” 


Tourist: “What do you do all day?” 
Student: “Hunt and drink.” 
Tourist: “What do you hunt?” 
Student: “Drink.” 


Hygiene Prof.; “What are the 
bones in your hand called?” 
C.E.: “Dice.” 


He rounded the bend at close to 
40. A sudden skid and the car 
overturned. They found themselves 
sitting close together, unhurt, 
alongside the completely smashed 
car. He put his arm around her 
waist. 

“It’s all very nice,” she said, “but 
wouldn't it have been easier to run 
out of gas?” 

PROPHECY ON ENGINEERS 

“Verily, | say unto you, marry 
not an engineer, for an engineer is 
a strange being and is possessed of 
many evils, Yea, he speaketh eter- 
nally in parables which he calleth 
formulae . . . He showeth always a 
serious aspect and seemeth not to 
know how to smile, and he picketh 
a seat in a car by the springs there- 
in and not by the damsels, Verily, 
though his damsel expecteth choc- 


olates when he calleth, she openeth 
the package to disclose samples of 
iron ore, Yea, he holdeth her hand 
but to measure the friction therein. 
And he kisseth her only to test the 
viscosity of her lips, For in his eyes 
there shineth a faraway look that 
is neither love nor longing—rather 
a vain attempt to recall a formula 
... Even as a boy he pulleth a girl's 
hair but to test its elasticity. But as 
a man he discovereth different de- 
vices; for he counteth the vibra- 
tions of her heart strings . . . His 
marriage will be a simultaneous 
equation involving two unknowns 
yielding diverse results . . . 


° 


The R.O.T.C, 

May be a good thing; 
We learn marching, shooting, 
And skirmishing. 
Statistics, ballistics, 
First-aid, parade, 

A wealth of things 

And yet I'm afraid; 

In the frenzy of war 
There’s more to be said, 
For a two-year course 
In dodging lead. 


Q 


And then there was the business 
statistics student who ruined a me- 
chanical calculator when he di- 
vided a number by zero and burned 
out the bearings. 


She doesn't drink 
She doesn’t pet 
She doesn't go 
To college yet. 


° 


An electron is a very small dot of 
nobody knows what, that goes like 
H— backwards from the way that 
electricity really goes, and then 
gets all screwed up and loses its 
sense of direction when the mag- 
netic field is fluxing. 


Curious fly 
Vinegar jug 
Slippery edge 
Pickled bug. 
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In the Arma Visual Computer, a single control selects the 
desired chart from as many as 700 photo slides. Each slide 
contains punched code holes which automatically tune in 
the corresponding Omni Bearing Distance station. The 
image of the plane is governed by a combination of the 
radio signals and the plane’s gyro instruments. 


Photography teams with clectronics and adds 


new certainty to flight 


Now a visual computer pictures a plane’s 
precise position and heading on projected 
photos of aeronautical maps. 


Arma Division, American Bosch Arma Corp., 
working with the Air Navigation Development 
Board and C.A.A., has developed a valuable new 
aid in air navigation using photography. 

With it the pilot, high above the weather, flicks 
a switch and before him appears a map of the area 
he’s over. On the screen a tiny shadow of a plane 
moves and shows exactly where he is, where he’s 
heading and whether he’s on course. 

This spells added certainty. Even more! It can 
mean savings in time and money, too. For the 
Hight can proceed by plan rather than by dog-legs 
on the beams. 


So again we see photography at work helping 
to improve operations —doing it for commercial 
aviation just as it does for manufacturing and 
distribution. 


Photography works in many ways for all kinds 
of business, large and small. It is saving time, 
saving money, bettering methods, 


CAREERS WITH KODAK 
With photography and photographic processes becoming 
increasingly important in the business and industry of 
tomorrow, there are new and challenging opportunities at 
Kodak in research engineering, electronic Ss, design and 
production. 

If you are looking for such an interesting opportunity, 
write for information about careers with Kodak. Address 
Business and Technical Personnel Dept., Eastman Kodak 
Company, Rochester 4, 


Eastman Kodak Company, Rochester 4, N. Y. 
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How General Electric stacks up 


on your job check list 


@ COMPANY REPUTATION—As an engineer, the names of 
Thomas Edison and Charles Steinmetz should be known to you. 
These men, who so greatly influenced the industrial surge of our 
country since the 19th century, are symbolic of General Elec- 
tric’s past and present technological leadership. 


@ SALARY—General Electric’s salary program is planned with 
a long-range view for your career; a well-considered starting 
salary and merit increases based on your ¢ ‘ontributions. ‘ hrough 
regular counseling by your supervisor you know just “how you 
are progressing 


@ OPPORTUNITIES FOR ADVANCEMENT—Through the 
Company's Personnel Registers, and individual appraisal of 
your qualifications and preferences, you are considered for all 
new or related jobs and promotions throughout the Company. 


@ TYPE OF JOB—Based on your pe -rsonal pre ‘ferences and 

abilities, you will work in various “eg ‘ting, manufacturing or 
engineering fields. Your technical or managerial experiences 
may be in any of nearly LOO ana Se departments where you 
contribute to the engineering, manufacturing or marketing of 
some of the more than 200,000 G-E products. 


@ PERSONNEL DEVELOPMENT PROGRAMS—CGeneral 
Electric, a pioneer in industrial training programs, hastens your 
professional development through classroom and on-the-job 
assignments as a part of the Company’s marketing, manutfac- 
turing and engineering programs. Specific position placement is 
also available if your interests are already formulated. 


@ JOB LOCATION—There are opportunities for you as a G-E 


engineer in 150 cities in 45 states, plus many foreign countries. 


@ ADVANCED STUDIES—General Electric offers to technical 
graduates the Tuition Refund Program and Honors Program 
for Graduate Study wherein you may take graduate courses at 
nearby universities. In addition, G.E. sponsors graduate-level 
Company courses where top professional men teach in their 
respective fields. 


@ TRAINED COLLEAGUCS—\s a G-F engineer, you may be 
working with outstanding men who are responsible for the 
envisioning, production, and distribution of such new products 
as man-made diamonds, high-speed rocket and jet engines, the 
new heat pump, commercial atomic power reactors and elec- 
tronic ovens. 


@ EMPLOYEE BENEFITS—Ceneral Mlectric’s outstanding bene- 
fit program for you and your family includes all the usual life, 
accident and illness insurance and pension plans, plus a Savings 
and Stock Bonus Plan and discounts on G-E home appliances. 


@ THE COMPANY’S FUTURE—Ceneral Electric's investment 
in research can mean much to you, Forty-two major Company 
laboratories, dedicated to invention and innovation, will play a 
major role in doubling the C company’s sales during the next 
eight years. Only through research is a company ‘assured of 
future growth. For you, this growth at General Electric means 
new and challe nging tec hnic al and managerial positions. 
General Electric Company, Section 959-3, Se he snectady 5, N. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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